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5QUANTITY AND COMPOSITION OF PHYTOPLANK
TON IN FINNISH INLAND WATERS
Pertti Heinonen
Heinonen, P. 1980. Quantity and composition of phytoplankton in Finnish
inland waters. Publications of the Water Research lnstitute, National Board
ofWaters, Finland, No. 37.
A regional survey of the quantity and composition of phytoplankton in
Finnish inland waters was carried out on the basis of 826 sampies taken iii
the midsummer of 1963 and 1965. On the basis of this investigation and
of other data collected for lakes studied, a scale of eutrophication was drawn
up according to midsummer phytoplankton leveis. Lakes, in which the phyto
plankton biomass (fresh weight) was below 0.2 mg/l, were classified as ultra
oligotrophic, while leveis of 0.21—0.50 mg/l were designated oligotrophic.
Quantities of biomass between 0.51 and 1.00 mgJl indicated incipient
eutrophy, 1.01—2.5 mg/1 mesotrophy, 2.51—10.0 mg/l eutrophy and over
10.0 mg/l hypereutrophy. The dominating species were Centrales diatoms.
With increasing eutrophication the amounts of Hormogonales blue-green
algae and of PntococcaJes green aigae increased most markedly. A tota] of
680 taxons were identified from the samples. Species number increased with
increasing biomass at least to biomass values of 5 mg/1. The usability of
different quotients was examined and a new variable, the odour mdcx, was
developed. The odour mdcx was very significantly correlated with biomass.
On the basis of the research material 21 new indicator species of eutrophica
tion and 10 of oligotrophy were proposed.
mdcx words; Eutrophication, phytoplankton, water quality, quotiencs,
diversity, indicator species, odour mdcx.
1. INTRODUCTION
Evaluation of water quality in watercourses is
carried out almost entirely on the basis of
information concerning the biotope gained from
physical and chemical analyses. This information
naturally inciudes various changes brought about
by the action of biological processes. Direct
measurements of the intensity of such processes
or of the quantity and quality of the different
factors describing biocoenosis are only rarely
used in routine investigations of water quality.
One of the main problems of watercourse
investigations is the detection of the often very
slow changes taking place in water quality. The
natural ageing of water is in many areas consider
ably accelerated by human activity in the form
of e.g. regulation of lakes, reduction in water
leveis, construction activity in the vicinity of
watercourses and, in particular, the discharge
of effluents. The effects of these activities are
often observed later as increased nutrient con
centrations, leading eventually to corresponding
increases in primary production. Eutrophication
6is without doubt at present one of the most
difficult processes to control in large watercourse
systerns.
Several different methods can be employed
for the monitoring of eutrophication. If the
growth-limiting nutrient (e.g. phosphorus) for a
given watercourse is known with certainty, it is
possible to estimate resultant leveis of phyto
plankton biomass solely on the basis of assays of
this nutrient (Sakamoto 1966). The advantages
of this method are ease of performance and
precision of analysis, while the major restriction
arises from variations in the significance of
different factors for primary production between
different watercourses and different times.
Measurements of the intensity of primary
production by the 14C-method (Steemann
Nielsen 1952) have also been used to estimate
eutrophication. This method has the same
advantage as the preceding: complex biological
processes are estimated on the basis of simple
physical and chemical procedures. A weakness
is that the obtained resuit is difficult to utilize
e.g. in the estimation of water usability. The
14C-method also contains several uncertainties
of operation and gives only proportional results.
One of the oldest biological water research
methods is the examination of the biomass and
composition of phytoplankton by microscopy.
The first investigations carried out in Finland
were mainly qua[itative analyses of sampies
collected from the photic water layer using
nets of different mesh size (Levander 1900,
Levander & Wuorentaus 1915 and 1917, Järnefelt
1925), although the need for a quantitative
method had for long been appreciated (Järnefelt
1929 and 1930). Only since the development of
techniques for analysing sedimented water
sampies without further treatment, and of
the Utermöhl technique, has quantitative exam
ination of phytoplankton been possible (Uter
möhl 1931 and 1958, Järnefelt 1934, 1936a
and b). The inclusion of algal species volumes to
indicator systems (Järnefelt 1952a) has consider
ably improved possibilities for realistic com
parison between different lakes.
In addition to counting by direct microscopy,
estimations of total phytoplankton have been
carried out by chemical means on the basis of
the concentration of photoenergetic pigments
(Strickland & Parsons 1965, Tolstoy 1966, 1977
and 1979). This is a rapid method, but has the
drawback that the result obtained is dependent
on the species composition and growth phase
of the plankton (Viljamaa et al. 1978).
Investigation of phytoplankton by direct
microscopy yields information concerning specles
composition in addition to total counts. This
information has for Iong been used in studies
comparing different lakes. Different parameters
and indicator species and groups have been used
as a means of following changes in, rather than
merely classifying, water quality. The quotient
systems of Thunmark (1945) and Nygaard(1949)
are based on comparison of species frequencies
of phytoplankton groups, whereas that of Järne
felt (1952b and 1956a) and Järnefelt et al.
(1963) is based on the relationships between the
species numbers and volumes of phytoplankton
species considered to be useful as indicators. The
applicability of quotients is generally considered
to be restricted to rather precisely defined
geographical areas (Rawson 1956).
The estimation of phytoplankton biomass by
microscopy is associated with several uncertainty
factors arising from e.g. sampling, counting and
species identification (Preston 1948, Kutkuhn
1958, van Heusden 1972, Hobro & Wi1ln 1975,
Kaatra & Harjula 1976, Hallegraeff 1977).
However, this is the only method yielding
qualitative information concerning the species
composition of phytoplankton in addition to
quantitative estimates of total biomass. Such
qualitative information is often of considerable
significance in the monitoring of water quality in
watercourses (Järnefelt 195 2b, Findenegg 1958,
Kostiainen 1965, Seppänen 1969).
2. AIMS OF THE RESEARCH
The first extensive water sampling programme
by the water protection authorities, with the
aim of examining the water quality of water
courses on a regional basis using a biological
method, took place in summer 1963, when
a total of 328 phytoplankton sampies were
collected from different areas. This investiga
tion, covering the whole country, was repeated
in the summer of 1965, when sampies were
7taken from 498 sampling stations. The micro
scopic examination of ali 826 sampies was
completed by the end of 1970.
The aim of the present research was to use the
data obtained from the above examinations
— to determine the quantity and composition of
phytoplankton in midsummer in different
iakes,
— to estimate the significance of parameters
based on phytoplankton composition and
— to make a survey of the value of different
phytoplankton species as indicators of the
state of Finnish watercourses.
The resuits under examination constitute a
basis for comparison with a later survey of
phytoplankton bioniass carried out by the
National Board of Waters in the summers of
1971 and 1977 from samplingstations distributed
throughout the country. For this reason a part
of the primary material has been inciuded in this
investigation, in contrast to normal procedure
(Appendix 1).
3. MATERIALS AND METHODS
3.1 Sampling
Phytopiankton sampies were taken by the
research units of 13 Agricultural Engineers’
Districts according to a programme drawn up by
the Water Pollution Control Bureau of the
National Board of Agricuiture. Sampies were
taken from each sampling station only once,
during the growing season. Thus the sampling
yielded only an impression of the situation in
midsummer, but this period is of course the
most important from the point of view of water
resource utiiization. However, detaiied estima
tions concerning the eutrophication process in
iakes should not he done on the basis of this one
phytoplankton sample only, because of various
uncertain factors involved in taking and analysing
sampies (Harjula 1979).
The location and numbering of the sampling
stations can be seen in the maps accompanying
the examination of resuits on a regionai basis
(Figs. 2—17). The precise coordinates of the
sampling stations and the dates of sampling are
contained in the primary material (Appendix 1).
Sampies were taken mainly as profile sampies
from the epilimnion, the depth of which was
first determined on the basis of temperature
measurements. In the case of stations situated by
shaliow, weilmixed water sampies were taken
from a depth of one metre with a Ruttner-type
water sampier. Sampling depths are given with
the results from individual observation sites
(Appendix 1).
The sampies were transferred to glass botties
of volume slightly over 100 ml. Preservation of
sampies was carried out immediately by addition
of 5 mi 35 % (wlv) formaidehyde per 100 ml of
sample (Naulapää 1972, Lepistö et al. 1979).
The botties were then closed so that a reserve of
air remained for shaking. The sampies were
stored at room temperature in the dark until
microscopy.
3.2 Microscopical examination of sampies
and the treatment of the results
The estimation of phytoplankton biomass was
carried out in the Water Pollution Control
Bureau of the National Board of Agriculture
(as from 1.7.1970 in the Water Research Office
of the National Board of Waters) by the Uter
möhi technique (Utermöhi 1931 and 1958).
Different volumes of sampies were used for
the sedimentation. A sampie of 2 ml was suf
ficient in the case of water sampies with a high
biomass content, but the whole sample of 100 ml
was used for some waters with very low plankton
counts. The sample size most often used was
50 mi. The method used in microscopy has been
described in detail eisewhere (Lepistö et al. 1979).
The resuit of microscopy was a list of the
phytoplankton species observed in each sample,
in which the number of each species occurring
per 100 ml was presented in taxonomic order.
Further treatment of the results was carried out
on the basis of these counts. The numerical data
of species frequency is not presented in this
research, but the information has been deposited
in the bioregister of the Nationai Board of Waters
and can be obtained from the Water Research
Office of the National Board of Waters.
The number of each phytopiankton species
8obtained in microscopy was multiplied by the
cell volume appropriate to each species (Naula
pää 1972) to calculate the biomass. The density
of phytoplankton was assumed to be 1.00,
although the true value for most of the phyto
plankton species is slightly greater (Hutchinson
1967, Fott 1971). The dimension of biomass
used was mg/l and the results were expressed
to an accuracy of three significant numbers.
In addition to the total biomass of each
sample, the major constituent groups of phyto
plankton are presented in the same dimensions
(mg/i) in the results collected into Appendix 1,
in the following order: Cyanophyta, Chloro
phyta, Euglenophyta, Chrysopbyta and Pyrro
phyta. Furthermore the numbers of different
species of phytoplankton observed in each
sampie are recorded, as well as the ElO and
EV/OV-quotients caiculated according to J ärne
feit (1952b) and Järnefelt et al. (1963):
E
number of species indicating eutrophy
number of species indicating oiigotrophy
EV -
Oy
total volume of species indicating eutrophy
total volume of species indicating oiigotrophy
N = number of odour inducing algae i in the
sample
M= threshold ccli density for odour inducing
algae i
The threshold values for odour were obtained
from the literature (Seppovaara 1971), and those
used in this research are presented in Appendix 2.
In addition to that presented in Appendix 1,
a great amount of other information relating to
plankton composition was utilized in the interpre
tation of the resuits. This information has been
deposited in the bioregister of the National
Board of Waters.
4. RESULTS
4.01 Regional division
The regional division used for the presentation
of the results is aimost identical with that used
by Laaksonen (1970 and 1972) (Fig. 1). The
(1) grouping of watercourse networks and the num
bers of sampies taken are presented in Table 1.
(2) 4.02 Small river basins draining into Lake
Latioga
Sampies were taken from Lake Tohmajärvi and
Lake Kiteenjärvi in the Tohmajoki river basin
and from the Lakes Simpeleenjärvi and Torsan
(3) järvi in the Hiitolanjoki river basin (Fig. 2).
In Lake Tohmajärvi phytoplankton biomass
was about 1.0 mgll. The values of the EVIOV
quotient were rather high, but the odour mdcx
was low. The dominating phytopiankton group
was Centrales. The condition of this lake has
been reported to have deteriorated since the
sampling was carried out, due to the effects of
sewage discharge and water level regulation
(National Board of Waters 1976). The phyto
plankton biomass in Lake Kiteenjärvi was below
1.0 mg/1, and the dominating species were
Centrales diatoms. In the 1963 sample the
proportion of blue-green algae exceeded 10 %.
The odour mdcx was low. At present this lake
k N0 = E
i=1 M
(5)
Diversity (d) was calculated in two ways using
the foilowing equations:
d = (Margalef 1958)
lnN
S = number of species
N = number of individuals
s
d = —Ep1og2 (Shannon diversity)
1=1 (Hutchinson 1967) (4)
Nipi
=-;-
= number of specimens of the i’th species
N5 = total number of specimens
For each sampie the presence of aigae giving
rise to odour and/or taste was used to calculate
a new variable, the odour index (0), as follows
9is classified as polluted by waste water effluents
(National Board of Waters 1976).
Lake Simpeleenjärvi, the central lake of the
Hiitolanjoki river basin, is a clean, oligotrophic
lake (Kettunen 1975). The amount of phyto
plankton observed was very small in most sampies
and the quotient values and odour mdcx were
Iow. The dominating species were mostly Chryso
phyta algae, and in some sampies Peridineae algae
were also fairly abundant. According to Järnefelt
(1956a) the total amount of phytoplankton in
1933 was 0.07 mg/1 and both of the quotient
values were very small. In 1946 the biomass
was 0.25 mg/1 and the volume quotient high,
indicating eutrophication. Järnefelt considered
this lake to be of the Peridineae type and oli
gotrophic.
4.03 The Vuoksi river basin
4.031 Watercourses east of Lake Haukivesi
The sampling stations in this sub-area are shown
in Fig. 3.
Of the waters in this area only Lake Ilomant
sinjärvi has previously been described as eutrophic
(Surakka 1969). This condition is a result of
human activity (National Board of Waters 1976).
Biomass values were in this area usually fairly
low, the highest biomass for 1963 being recorded
in Lake Ilomantsinjärvi. In 1965 the total biomass
was lower, but stiil gave a clear indication of
eutrophication. The sampies from both years
showed relatively high numbers of species and
also high diversity values. The biomass of species
indicating eutrophication (Järnefelt 1952b) was
high, and the volume quotients were also of
a magnitude corresponding to considerable
eutrophication. The odour index was rather high
in 1963. The dominating species were in 1963
Ulotrichales green algae and in 1965 Centrales
diatoms.
In Lake Nuorajärvi, draining into the sarne
Koitajoki river basin as Lake Ilomantsinjärvi,
a rather high level of biomass was recorded in
1963. The volume quotient and odour mdcx
were also quite high. The dominating species
were Pennales diatoms. In 1965 the corresponding
sample was typical of an unpolluted water body.
This lake has since been classified as polyhumic
(National Board ofWaters 1976).
Lake Viekinjärvi, situated in the Viekinjoki
river basin draining into Lake Pielinen, is on the
basis of this research in the process of eutro
phication. This can be seen both in high phyto
plankton biomass values and, particularly in the
values of volume quotients. Values of the odour
mdcx were not, however, very high in either
year. The dominating species were in 1963
Centrales diatoms and Chroococcales blue-green
Fig. 1. Regional division.
10
algae, and in 1965 Pennales diatoms.
Of the large lakes in the eastern section of the
Vuoksi river basin, Lake Pielinen showed some
signs of increased biomass leveis resulting from
sewage discharge, particularly near the town of
Nurmes and to a certain extent, the town of
Lieksa. The highest leveis were, however, only
slightly over 1 mg/1, whereas in the unpoiluted
part of Lake Pielinen phytoplankton biomass
was of the order of 0.2—0.3 mg/1. Lake Pielinen
is a Chrysophyta type lake. According to Järnefelt
(1952a) lakes of this type are oiigotrophic but
show some effects of humus content. In his own
research Järnefelt (1 956a) classified the lake as
oligotrophic in 1946, when phytoplankton
biomass was 0.01 mg/1 and the number of species
very limited.
Eutrophicating effects of effluents from the
city of Joensuu can be detected in the northern
part of Lake Pyhäselkä. Typical biomass leveis in
this lake during this research were of the order of
0.2 mg/1, the dominating species belonging to
the division Chrysophyta. In Autumn 1945
Järnefelt (1956a) recorded a level of biomass of
0.05 mg/1, the dominating plankton being
diatoms and biue-green algae. On this basis the
lake was classified as slightly eutrophic.
Lake Höytiäinen is one of the most oligo
trophic waters of this area, classified by Järnefelt
(1956a) as oligotrophic and oligohumic. Phyto
plankton leveis in the present research were
around 0.1 mg/i, with Iow number of species and
quotient values. The odour index was below 0.10
in ali sampies. The dominant phytoplankton
species were Cbrysomonadinae algae.
Water quality in Lake Koitere has apparently
Table 1. The regional division and the numbers of sampies in 1963 and 1965.
The number of river basin Number of sampiesArea (bySeunal97l) 1963 1965 total
1. Small river basins draining into Lake Ladoga 2 and 3 6 6 12
2. The Vuoksi river basin 4 96 159 255
2.1 Watercourses east of Lake Haukivesi 4.22, 4.3, 4.4, 4.8, 4.9 39 54 93
2.2 Watercourses north of Lake Haukivesi 4.24—4.28, 4.5, 4.6, 4.7 35 63 98
2.3 Lake Haukivesi and watercourses to the south of it 4.1 and 4.21 22 42 64
3. The Kymijoki river basin 14 76 152 228
3.1 Watercoursesnorth of the rapidofHaapakoski 14.3, 14.4, 14.6, 14.7 54 84 138
3.2 Lake Päijänne and watercourses draining into it 14.2, 14.5, 14.8 13 42 55
3.3 Watercourses south of the Kalkkinen canal 14.1, 14.9 9 26 35
4. River basins to the south of Salpausselkä 6, 16, 21, 22, 23 10 11 21
5. River basins of southwest Finland 27, 34 7 4 11
6. The Kokemäenjoki river basin 35 75 104 179
6.1 Watercourses north of Lake Pyhäjärvi 35.3, 354, 35.5, 35.6 31 42 73
6.2 Lake Pyhäjärvi and watercourses to the east of it 35.2, 35.7, 35.8 39 55 94
6.3 Watercourses below the River Nokianvirta 35.1, 35.9 5 7 12
7. River basins of Ostrobothnia 36, 44, 47, 51, 53, 54, 57 18 6 24
8. The Oulujoki, lijoki, Kuivajoki and
Simojoki river basins 59, 61, 63, 64 23 29 52
9. The Kemijoki and Tornionjoki river basins 65, 67 9 13 22
10. River basins of northern Lapland and Kuusamo 71, 73, 74 8 14 22
Totais 328 498 826
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Fig. 2. Sampling stations in the smaJl river basins draining into Lake Ladoga.
deteriorated as a resuit of regulation. This is
evidenced by reduced oxygen leveis and increased
salt concentratjons (National Board of Waters
1976). Biomass leveis of around 0.2 mg/I mdi
cated a rather oligotrophic water, the major
planktonic component being Chrysopbyta algae.
Lake Viinijärvi, situated near the town of
Outokumpu, is divided into two different parts.
The eastern section, Venepohjanselkä, is poor
in nutrients compared to the richer western
ii’
30 40 50km0 10 20
12
0 10 20 30 40 50km
111 1 1
Fig. 3. Sampling stations of the Vuoksi river basin to the east of Lake Haukivesi.
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section Kulkevaisenselkä (National Board of
Waters 1976). In the present research no great
differences were observed between these two
sections, although biomass leveis in the western
area were slightly higher. The dominant species
were Cbrysomonadinae and Centrales algae.
Lake Pyhäjärvi, near Uukuniemi, draining
from the southeast into Lake Orivesi proper, is
an oligotrophic lake (National Board of Waters
1976). Phytoplankton leveis were around 0.1—
0.2 mg/i and both quotient and odour index
values were low.
Heposelkä, the northern part of Lake Orivesi,
has undergone a slight change, largely due to
waste waters from the nearby mining industry (Ry
hänen 1961, National Board of Waters 1976). In
1963 the values of phytoplankton biomass and
odour mdcx were slightly increased. Dominating
species were Centrales diatoms and blue-green
algae. In 1965 biomass leveis were lower and the
odour mdcx was below 0.10. The main species
were Chrysomonadinae algae. Järnefelt (1956a)
classified the lake in 1946 as oligotrophic on
the basis of an autumn sample, although he
conjectured that a summer sample might well
have indicated slight eutrophication.
Biomass leveis in the other sections of Lake
Orivesi were of the order of 0.2—0.3 mg/1. An
exception was the sound of Kivisalmi between
Lake Jänisselkä and Lake Orivesi proper, in
which the phytoplankton amounts were slightly
elevated (0.37—0.58 mg/1), probably because of
the proximity of the shores. The major species
throughout the whole area of Lake Orivesi
belonged to the division Chrysophyta.
In summary, the waters of the Vuoksi river
basin lying to the east of Lake Haukivesi can on
the basis of biomass measurements be described
as oligotrophic. Biomasses varied between 0.05
and 2.15 mg/l, with a mean value of 0.37 mg/1.
The number of species was on average 54 (min.
20, max. 105). Quotient and odour index values
were usually Iow.
4.032 Watercourses north of Lake Haukivesi
The sampling stations in this sub-area are shown
in Fig. 4.
The highest phytoplankton biomass values
analysed in this research were recorded in Lake
Maaninkajärvi (Vianta) in the Iisalmi route and
in Lake Kevätönjärvi in the Nilsiä route. In these
waters, in which biomass leveis of over 10 mg/1
were observed, eutrophication was aiso indicated
by an abundance of indicator species and high
quotient values, particularly in the case of the
volume quotient. The number of species and
odour mdcx also had high values in the sampies
taken from these lakes. In Lake Maaninkajärvi
the dominant species were algae of the genus
Melosira. Lake Kevätönjärvi has recently been
classified as being of very bad quality because
of eutrophication resulting from the discharge
of sewage (National Board of Waters 1975).
The major phytoplanktonic components in this
lake were in 1963 diatoms and blue-green algae,
while in addition Protococcales green algae were
also abundant in 1965.
Järnefelt (1956a) reported eutrophication in
Lake Kevätönjärvi in 1946 and 1947, the maxi
mum recorded biomass in his investigation being
3.69 mg/l. The dominant phytoplankton were in
1946 diatoms and in 1947 blue-green algae.
The effects of sewage discharge are also
discernible in the Lakes Porovesi, Nerkoonjärvi
and Onkivesi near the town of Iisalmi. Lake Onki
vesi is also affected by sewage from the village of
Lapinlahti (National Board of Waters 1975). In
these water bodies phytoplankton biomasses
varied from 1.9 to as much as 12.4 mg/L. The
number of species was high and species indicating
eutrophication were abundant. Volume quotients
were extremely high. By contrast quotients based
on number of species were relatively low; only
in two cases were they high enough to be con
sidered indicative of abundant planktonic growth.
Values for the odour index were for Lakes Ner
koonjärvi and Onkivesi usually around 1.0 and
for Lake Porovesi 0.7—0.8. The dominant plank
ton species in Lake Nerkoonjärvi and Lake Onki
vesi belonged to the genus Melosira, and, in the
case of Lake Porovesi in 1963, also to the order
Chrysomonadinae.
The elevated phytoplankton biomass leveis in
Lake Kallavesi can partly be explained by dis
charge of municipal wastes. The leveis were,
however, considerably lower than those in waters
of the Iisalmi route because of higher water flow
rates and more advantageous retention times
(Mikkola 1975). Values of the odour mdcx were
14
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Fig. 4. Sampling stations of the Vuoksi river basin to the north of Lake Haukivesi.
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in general below 0.10 and in those sampies with
a higher index the dominant species was found to
be Asterionella gracillima (Hantzsch) Heiberg.
The dominant plankton species otherwise were
diatoms, in some sampies also Cryptomonas
algae. The proportion of blue-green algae was
less than 10 % in the sampies investigated of
Lake Kallavesi. On the basis of observations
made in 1945 and 1946 Järnefelt (1956a) de
scribed Lake Kallavesi as a mesohumic oligo
trophic lake with blue-green algae as the domi
nant plankton organisms. Plankton, with low
number of species, was measured at biomass
leveis of 0.1—0.3 mg/1 and the quotient values
were Iow.
The concentrations of nutrients, particularly
phosphorus, in the waters of the Nilsiä route
were remarkably lower than the corresponding
concentrations in the Iisalmi route (National
Board of Waters 1975). As a resuit of this the
phytoplankton biomasses were also lower. En
Lake Syvän the leveis were 0.2—0.65 mg/I, in
Lake Vuotjärvi about 0.3 mg/l, in Lake Melavesi
0.5—0.6 mgIl and in Lake Juurusvesi 0.25—
0.5 mg/1.
En Lakes Syvän and Vuotjårvi the number of
species and diversity were low. The odour mdcx
was in these sampies below 0.2. The dominant
species usually belonged to the divisions Chryso
phyta and Pyrrophyta (order Chrysomonadinae).
These waters were also reported by Järnefelt
(1956a), in his investigation of 1945, to be dark
watered and poor in nutnients. The level of
phytoplankton biomass was below 0.1 mg/1.
The species composition of the phytoplankton of
Lake Juurusvesi was similar to that of Lakes Syvän
and Vuotjärvi in the present investigation and the
odour mdcx was of the same order, 0.1—0.2.
En 1945 the lake was classified as oligotrophic
(Järnefelt 1956a).
En the water of Lake Melavesi the dominant
species belonged to the division Cbrysophyta.
In 1963 Protococcales green algae and in 1965
blue-green algae were also fairly abundant.
En Lake Rikkavesi on the route of Lake Juo
järvi, as well as in Lake Juojärvi itself, the con
centration of nutrients was low (National Board
of Waters 1975). Observed phytoplankton bio
mass leveis for the two water bodies were 0.1—
0.4 and 0.1—0.6 mg/1, respectively. The level of
phvtoplankton in 1945 was about 0.1 mg/1
(Järnefelt 1956a).
En Lake Suvasvesi on the route of Lake Kaila-
vesi the values for biomass in 1963 and 1965
were 0.2—0.5 and 0.2—0.9 mg/l, respectively.
Quotient values and the odour mdcx were low
in Lake Suvasvesi. The dominant species were
mainly algae of the orders Chrysomonadinae
and Centrales. According to Järnefelt (1956a)
the biomass level in 1945 was below 0.1 mg/l,
the dominant plankton organisms being diatoms.
Biomass leveis in Lake Sorsavesi were 0.2—
0.3 mgIl and the dominant species belonged to
the same groups as in Lake Suvasvesi.
En the waters of Lakes Koirusvesi and Unnuk
ka the effects of water entering from the Iisalmi
route combine with those of the effluents from
the city of Kuopio to increase the concentration
of nutrients. Phytoplankton leveis of 1.5—2.0
mg/1 were therefore recorded in sampies from
these waters. The odour index was in Lake Koi
rusvesi slightly over 1.0 and in Lake Unnukka
0.6— 0.7. Dominant phytopiankton organisms
were Chrysomonadinae algae and diatoms. En
1946 biomass leveis in Lake Unnukka were 0.1—
0.2 mg/l (Järnefelt 1956a). The dominant or
ganisms were then diatoms and the lake was
classified as oligotrophic.
The major western tributary of the Vuoksi
nver basin, the Kallavesi route, was found to be
considerably richer in plankton than the Pieli
nen route. Particularly in the Iisalmi route the
recorded biomass leveis were considerably
higher than those found for the rest of the
Vuoksi niver basin and the waters of the Iisalmi
route were cleanly eutrophic. Soil fertility is
probably the most important factor in eutro
phication of these water bodies.
By contrast the waters of the Nilsiä and Juo-
järvi routes may be considered as oligotrophic.
High local leveis of biomass in Lake Kevätönjärvi
on the Nilsiä route resulted from the discharge
of sewage.
Biomasses for the whole area varied between
0.13 and 13.4 mg/l, with mean value of 1.98
mg/l. The number of species was here higher than
in the watercourses east of Lake Haukivesi. The
range of this variable was 28—15 1, with a mean
value of 80. Quotient values and odour index
values were also higher than in the eastern area.
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4.033 Lake Haukivesi and watercourses to the
south of it
The location of sampling stations in this area is
shown in Fig. 5.
Lake Haukivesi, situated to the south of the
city of Varkaus, is polluted by municipal wastes
and those from the pulp industry (Heinonen et al.
1975). This is not, however, very evident from
the phytoplankton data collected in this study.
Total biomass leveis in Lake Haukivesj were in
1963 0.1—0.8 mgfl and in 1965 0.1—0.6 mg/l.
These levels must be considered rather low in
view of the nutrient content of the lake water.
Near the city of Savonlinna the Vuoksi river
basin is low in nutrients (Laaksonen 1969) and,
as a resuit of this, phytoplankton biomasses were
also small and typical of oligotrophic waters.
Total biomass leveis in the sound of Kyrönsalmi
were 0.1—0.2 mg/l, as were also those in the
Lakes Haapavesi and Pihlajavesi, to the north
and south of the city respectively. Quotients
and odour index values were low. The dominant
plankton species were usually diatoms. A similar
situation was observed in 1970 (Jumppanen
1976), when phytoplankton biomass leveis of
0.2—0.7 mg/1 were recorded in waters near the
city of Savonlinna. The only high value (9.8 mg/l)
was in that investigation found in the polluted
water of the bay of Tuokkolanlahti to the north
of the city of Savonlinna.
Lake Puruvesi, draining into Lake Pihlajavesi
from the southeast, is a clear, oligotrophic lake
(Heinonen et al. 1975). In 1963 the leveis of
phytoplankton recorded were 0.3—0.5 mg/l.
The number of species was low, 22—29. In 1965
the biomass levels were 0.1—0.2 mg/l but the
number of species had increased to 5 1—54.
Quotients and odour mdcx values were low.
The dominant species were algae of the division
Chrysophyta.
Lake Kuolimo, draining into Lake Saimaa
through the rapids of Partakoski and Kärnä
koski, is a typical oligotrophic lake (Seppo-
vaara 1969). Phytoplankton biomass levels
were 0.1—0.2 mg/l and the number of species
45—55. Quotients and odour mdcx values were
extremely low. The dominant species were
diatoms. In the investigation of Järnefelt (1956a)
carried out in 1945 the level of phytoplankton
was 0.16 mg/l and the number of species 50.
The dominant species in this lake, classified then
as oligotrophic, were lilcewise diatoms.
The water route leading from the city of
Mikkeli is loaded by municipal wastes (Heinonen
1972, Heinonen et al. 1975), and eutrophication
is clearly indicated by the results of the present
research. Biomass leveis iii Lake Ukonvesi and
the sound of Juurisalmi were 3.0—4.0 mg/1. The
number of species and, iii particular, the abun
dance of species indicative of eutrophication
were high. The dominating species belonged in
most cases to the division Chrysophyta. Of the
blue-green algae observed the most abundant
were Hormogonales algae. Järnefelt (1956a), in
his examination of the area of Mikkeli harbour
in 1945, observed a diatom bioom resulting from
adjacent human activity. The level of phyto
plankton biomass was 9.92 mg/l, the number of
species was 100 and quotient values were high.
The effect of waste waters on phytoplankton
growth decreases rapidly in Lake Louhivesi, in
which the phytoplankton biomass was in 1965
only 0.24. mg/1. Quotient values were low and the
dominant species were diatoms. Järnefelt (1956a)
recorded biomass leveis of 0.10—0.12 mg/1 in
his investigation of 1945—1946, when the
dominating species were also diatoms. In Lake
Yövesi the biomass levels in the present investiga
tion were 0.1—0.6 mgIl, compared to 0.05 mg/I
observed by Järnefelt (1956a). The area between
the villages of Puumala and Taipalsaari contains
the most unspoiled water of Lake Saimaa (Heino
nen et al. 1975). Phytoplankton leveis were 0.1—0.2
mgfl and quotient values were low. Similar meas
urements were made in the water of Lake Ilkon
selkä, south of Kyläniemi. The effects of wood
processing industries became more evident
towards the south of Lake Sairnaa near the pulp
factories situated around the towns of Lappeen
ranta, Joutseno and Imatra. The consequences of
these wastes are in some cases growth inhibiting
and in others clearly stimulating (Järnefelt 1961,
Lehmusluoto & Heinonen 1970, Heinonen 1972,
Seppovaara 1977). In those parts of the south
western region of Lake Saimaa, where the water
is relatively free of wood processing wastes,
biomass levels of 0.2—0.4 mg/l were recorded.
Due to the small number of sampies, it was
not possible in this study to investigate the
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Fig. 5. Sampling stations of the Vuoksi river basin in Lake Haukivesi and watercourses to the south of it.
possibility that the low biomass leveis in Lake
Haukiselkä were due to toxic wood processing
wastes. Eutrophication was, however, observed
in Lake Haukiselkä 1963. A similar situation
has been observed in this area in several other
studies (Järnefelt 1961, Tirronen 1963, Nyman
1970, Heinonen 1972). The low biomass values
observed in 1965 could be the resuit of the
significant change in the loading of the water
course in 1964 (Heinonen 1966).
Phytoplankton biomasses in the Vuoksi
river basin in Lake Haukivesi and watercourses to
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the south of it varied between 0.07 and 5.04
mg/l, with a mean value of 0.56 mg/1. The waters
were mainly oligotrophic with the exception of
sections of Lake Saimaa south of the city of Mik
keli and the major part of southern Lake Saimaa.
4.04 The Kymijoki river basin
4.041 Watercourses north of the rapid of Haapa
koski
The sampling stations of this area are shown
in Fig. 6.
Typical of the waters along the route of Lake
Saarijärvi is a high humus content (National Board
of Waters 1977a). Biomass leveis in the lakes
along this route were 0.2—0.5 mg/1. Quotient
values and odour mdcx values were usually low,
although in some lakes, e.g. Lake Karankajärvi,
volume quotients were elevated despite relatively
low biomass leveis. The dominating algae were
usually diatoms. In Lakes Kalmarinjärvi, Pääjärvi
and Kyyjärvi phytoplankton biomass leveis
were over 1.0 mg/1. In the case of Lake Pää-
järvi the elevated value resulted from a factory
producing potato flour and from the waste
waters of the municipality of the village of Kars
tula (National Board of Waters 1977a). Lake
Kalmarinjärvi was studied by Järnefelt (1956a)
in 1946, when phytoplankton biomass was 0.18
mg/l and quotient values were low. Järnefelt
described the lake as oligotrophic.
Lakes Alvajärvi and Muurasjärvi on the Viita
saari route are oligotrophic (National Board of
Waters 1977a), with low values of phytoplankton
biomass. The small Lakes Elämäjärvi and Saani
järvi, draining into Lake Alvajärvi, are rather
shallow and probably for this reason their
biomass values were somewhat elevated. Lake
Kolimajärvi is mainly oligotrophic, although
loading caused by waste waters from the village
of Pihtipudas (National Board of Waters 1977a)
have caused some eutrophication in the northern
quarter of the lake. The slight rise in biomass
value in 1965 is probably a result of this loading.
Lake Kivijärvi is mainly oligotrophic. Slight
evidence of eutrophication can, however, be
discerned in the northern area of the lake.
Lake Keitele is an oligotrophic lake in which
biomass levels have usually varied between 0.1
and 0.3 mg/1. Only the bay of Suolahti in the
south is to some extent eutrophic, as evidenced
by elevated biomass and quotient values. The
odour mdcx value was also higher in this sample
than in the others from Lake Keitele. A similar
situation was observed by Jumppanen (1976)
in 1964.
Of the lakes in the Rautalampi route the most
eutrophic are Lake Pieksänjärvi, which is loaded
by wastes from the city of Pieksämäki, Lake
Kontajärvi and Lake Lampaanjärvi. Phyto
plankton levels in Lake Konnevesi varied from
0.2 to 0.6 mg/l, and in Lake Niinivesi and Lake
Nilakka from 0.2 to 0.4 mg/l. Minor eutrophica
tion was observed at the southern end of Lake
Pielavesi, with biomass leveis of 0.5—0.8 mg/l
compared to the values of 0.2—0.3 mg/l else
where in the same lake.
The Lakes Kuhnamo and Vatianjärvi, situated
to the south of the town of Äänekoski, are
polluted by industrial effluents (Granberg 1973).
Total phytoplankton biomass levels of only 0.1—
0.4 mg/l have been recorded for these waters,
although the nutrient concentrations would
support considerably greater leveis. A notable
feature of the plankton species composition is
the unusual abundance of Euglenopbyta algae.
Lake Lievestuoreenjärvi is badly polluted
by wastes from the pulp industry (Granberg
1970a). This fact was reflected in very low leveis
of plankton and extreme paucity of the number of
species. Only three species were identified from
the 1965 sample: Cryptomonas sp., Closterium
acutum var. variabile (Lyngb.) Brb. and a small
Fiageilata. The 1963 sample contained in addition
considerable amounts of Synura uvella E. and
Nitzscbia acicularis W. Smith.
The effects of industrial wastes on water
quality can stili be observed in the northern part
of Lake Leppävesi (National Board of Waters
1977a). Some eutrophication was observed
particularly in southern Lake Leppävesi (Gran
berg & Lappalainen 1973). The number of plank
ton species was high and biomass levels 0.5—
0.7 mg/l.
In the watercourses to the north of Laite Päi
jänne phytoplankton biomass varied between
0.01 and 3.98 mg/l, with a mean value of 0.44
mg/l. The average number of species was 66 and
the dominating species were usually diatoms.
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Fig. 6. Sampling stations of the Kymijoki river basin north of the rapid of Haapakoski.
20
4.042 Lake Päijänne and watercourses draining
into it
The location of sampling stations in Lake Päijän
ne and the waters flowing into it can be seen in
Fig. 7.
According to Järnefelt (1956a and b) Lake
Päijänne was an oligotrophic lake in the decade
commencing in 1930. In the northern areas,
around the sound of Kärkistensalmi, phyto
plankton biomasses varied between 0.05 and
0.24 mg/l, while in the south around Asikkalan
selkä the phytoplankton biomasses observed
were 0.04—0.11 mg/1. Phytoplankton studies,
begun by the Hydrobiological Research Institute
of Jyväskylä in 1969, indicate that biomass leveis
in the north of the lake have increased to over
1.0 mg/1, while those in the southhaveremained
at a considerablylowerlevel, 0.1—0.3 mg/l (Gran
berg 1969, 1970b and 1972, Tuunainen et al.
1971). The sampies used in the present research
were from 1965. In the north of the lake phyto
plankton leveis were 0.4—0.8 mg/1, increasing to
1.2—1.3 mg/1 towards central areas of the lake
and then decreasing to 0.1—0.2 mg/1 in the south.
The highest quotient values were encountered in
the central area, although sorne quotient values
of sampies from the northern waters exceeded
the threshold values indicating eutrophication.
The highest odour mdcx value was found in a
sarnple from the north of the lake. Dominating
species throughout the whole of Lake Päijänne
were diatoms.
Lake J.yväsjärvi, flowing into Lake Päijänne
through the sound of Äijälänsalmi, has been
heavily Ioaded by municipal and industrial
effluents, as was evident from the results obtained.
In 1963 the wastes inhibited production so that
biomass levels remained below 0.1 mg/l, with
very poor species diversity. The dominating
species were Melosira diatoms and small Fiagellata
algae. In 1965 the wastes discharged into this
water were no longer so toxic, as was indicated
by considerably elevated biomass leveis. Algae
of the order Chrysomonadinae were the dominant
component of a biomass approaching 20 mg/1.
-Euglenophyta algae were also abundant. The num
ber of species was considerably greater than in 1%3.
It was not worth calculating the quotient values
because of the lack of oligotrophic indicators,
but odour mdcx values were elevated during the
highly productive year 1965. Phytoplankton
compositions giving strong indication of eutro
phication were also found from Lake Jyväsjärvi
in 1969 and 1970 (Granberg 1969 and 1972).
The Lakes Palokkajärvi and Tuomiojärvi,
entering Lake Päijänne near the city of Jyväs
kylä, also had high leveis of phytoplankton
biomass. As well as high biomass leveis, the con
siderable number of species was also a feature of
the sampies from these lakes. Quotients and
odour mdcx values were high.
Lake Vesijärvi flowing into Lake Päijänne
from the south, is in part highly eutrophic
(Seppänen 1968). In the section bordering on
the city of Lahti phytoplankton leveis over
5.0 mg/l were observed, with Hormogonales
blue-green algae as the dominant organisms.
For this reason the odour mdcx had a high
value. Eutrophication decreased towards the
north so that near the outlet of Lake Vesijär
vi the biomass level was below 0.5 mg/l, the
dominant species being diatoms. The situation
in this water body has apparently been similar
at least since 1926, when Järnefelt (1928)
described a notable colouring of the water of
Lake Vesijärvi near to the city of Lahti, caused
by the bluegreen algae Microcystis sp. Järnefelt
considered the area of Lake Vesijärvi near the
village of Vääksy to be oligotrophic.
In this area phytoplankton biomasses varied
between 0.03 and 18.5 mg/l, with a mean value
of 1.32 mg/l. Lake Jyväsjärvi and the southern
part of Lake Vesijärvi were the most eutrophic
areas.
4.043 Watercourses south of the Kalkkinen canal
The sampling stations of the Kymijoki river basin
south of the Kalkkinen canal are shown in Fig. 8.
The River Kymijoki leaving Lake Päijänne
contains clean water with low nutrient con
centrations. Thus the phytoplankton of Lakes
Ruotsalainen and Konnivesi resembled that of
southern Lake Päijänne in its composition, the
dominating species being diatoms. Biomass
levels and quotient values were small.
The Mäntyharju route is entirely clean and
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Fig. 7. Sampling stations of the Kymijoki river basin in Lake Päijnne and watercourses draining into it.
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Fig. 8. Sampling stations of the Kymijoki river basin south of the Kalkkinen canal.
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oligotrophic (National Board of Waters 1977b).
This fact was reflected in phytoplankton biomass
levels, which were usually within the range 0.1—
0.3 mg/l. Quotients and odour mdcx values were
low and the dominant species were diatoms.
Lake Kivijärvi, the largest lake of the Valkeala
route, is a clean, oligotrophic lake (National
Board of Waters 1974). However, biomass leveis
over 1.0 mg/l were found in Lake Ylä-Kivijärvi
at the northern end of this lake, probably as a
resuit of natural fertility of soils in this region.
Slightly elevated biomass leveis were also
encounted in Lake Lappalanjärvi (0.5—0.6 mg/1).
The reason for this could be the discharge into
this watercourse of effluents from the village of
Valkeala.
Phytoplankton biomasses in the Kymijoki
river basin south of the Kalkkinen canal varied
between 0.07 and 1.42 mg/l, with a mean value
of 0.31 mgfl. Quotients were usually low and the
dominating organisms diatoms.
4.05 River basins to the south of Salpaus
selkä
Phytoplankton samples were taken from the
waters to the south of Salpausselkä at lake sites
in Hounijoki, Koskenkylänjoki, Vantaanjoki,
Siuntionjoki and Karjaanjoki river basins (Fig. 9).
Lake Haapajärvi, in the Hounijoki river basin,
is strongly eutrophic, as a resuit of the discharge
of effluents into the lake from the city of Lap
peenranta. The lake is considered to be totally
polluted (Kettunen 1975). High biomass was
caused mainly by Protococcales green algae and
Centrales diatoms. The odour mdcx was high,
although the quotients were surprisingly low.
The Lakes Pyhäjärvi and Kirkkojärvi in the
Koskenkylänjoki river basin were also eutrophic.
In Lake Pyhäjärvi biomass levels were only
slightly over 1.0 mg/l, but in Lake Kirkkojärvi near
to 20 mg/l. The number of species was particularly
high in Lake Kirkkojärvi. The quotients were not
calculated because of the lack of oligotrophic
indicators, but odour mdcx values were very
high. The dominating species were Centrales
diatoms and Hormogonales blue-green algae.
Algae of the division Euglenopbyta were also
fairly abundant.
Lake Tuusulanjärvi, in the Vantaanjoki river
basin, has been a highly eutrophic lake for a
iong time (Järnefelt 1937 and 1956c, Anttila
1969). As well as the soil type iii this area,
the discharge of effluents and the practise of
mtensive agricukure near the shores of the lake
have contributed to this condition of the water
of Lake Tuusulanjärvi. In the present investiga
tion phytoplankton biomass leveis of 4.0—6.0
mg/l were observed, which is in good agreement
with the observations of other investigations
(Anttila 1969). The dominant species were
Hormogonales blue-green algae and Centrales
diatoms. Values for the odour mdcx were high.
Of the lakes in the Siuntionjoki river basin,
Lake Palojärvi is eutrophic and Lake Enäjärvi
extremely so (National Board of Waters 1977c).
The biomass level in Lake Enäjärvi was 7.0 mg/l.
The odour index was high and the dominating
species were blue-green algae. In Lake Palojärvi
the dominating species in a richly assorted
biomass were algae of the division Chrysophyta.
Lake Hormajärvi, in the Karjaanjoki river
basin, is oligotrophic (Järnefelt 1963), with a
phytoplankton biomass of around 0.15 mgIl in
the present investigation. Simiiar biomass leveis
were found m this lake by Järnefelt (1963) over
the period 1949—1960. Lake Kirkkojärvi near
the village of Vihti has undergone eutrophication
owing to the discharge of sewage (National Board
of Waters 1977c). Biomass leveis and the odour
mdcx were high. The dominating species were
Centrales diatoms. Some evidence of slight
eutrophication was also observed in Lake Hiiden
vesi (National Board of Waters 1977c). The bio
mass leveis were 0.6—0.9 mgfl and the quotient
values high.
Lake Lohjanjärvi has been subjected to the
influence of municipal and industrial effluents
during the 1960-decade (Nyroos 1973, National
Board of Waters 1977c). Phytoplankton bio
masses were 0.8—2.9 mg/l and quotient values
and odour mdcx values were high. The dominating
species were Centrales diatoms. Phytoplankton
data from Lake Lohjanjärvi is available smnce the
1890-decade (Levander 1900), and directly
comparable data since the 1940-decade (Järne
felt 1963), when the phytoplankton biomass
was of the order of 0.4 mg/l.
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High biomass leveis and quotient and odour
index values indicative of eutrophication were
typical of lakes near the coastal region. Biomasses
varied between 0.14 and 19.9 mg/1, with a
mean value of 4.39 mg/1. The dominating species
were usually diatoms, although considerable
amounts of blue-green algae were also observed.
4.06 River basins of southwest Finland
Sampies from the southwestern areas were taken
from Lake Kirkkojärvi in the Paimionjoki river
basin and from Lakes Pyhäjärvi and Köyliönjärvi
in the Eurajoki river basin (Fig. 10).
Lake Kirkkojärvi in the Paimionjoki river
basin is heavily polluted (National Board of
Waters 1977d). Phytoplankton biomass was only
0.7 mgfl, but the extensive pollution of this lake
was indicated by the fact that almost half the
biomass was composed of Euglenophyta algae.
Situated by the vilage of Säkylä, Lake Pyhä
järvi is oligotrophic (National Board of Waters
1977d). Phytoplankton biomasses of 0.18—
0.29 mg/1 were observed in this investigation.
With one exception, the quotient values were
low. Järnefelt (1927) investigated the water
quality of this lake in 1916 and expressed the
opinion that the lake was in the process of
eutrophication.
Lake Köyliönjärvi is a eutrophic lake the
condition of which has been further damaged
by the discharge of effluents from the food
industry (National Board of Waters 1977d).
Phytoplankton was rich in species and its biomass
approached 10 mg/1. The dominating species were
Chroococcales blue-green algae and Centrales
diatoms, while the presence of Euglenophyta
algae gave an evidence of pollution.
Phytoplankton biomasses in the river basins of
southwest Finland were 0.18—9.21 mg/l, with
a mean value of 2.05 mg/1. The dominating
species in the rather richly assorted planktonic
fiora were diatoms and blue-green algae.
4.07 The Kokemäenjoki river basin
4.071 Watercourses north of Lake Pyhäjärvi
Fig. 9. Sampling stations in the river basins to the south of Salpausselkä.
The location of sampling stations in the Koke
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Fig. 10. Sampling stations in the river basins of southwest Finland.
mäenjoki river basin north of Lake Pyhäjärvi
is shown in Fig. 11.
Lake Keurusselkä, the central lake of the
Keuruu chain, has recently undergone eutro
phication in the northern section (Eloranta
1974). Although phytoplankton leveis were
at their highest only 0.6 mg/I in the present in
vestigation, the onset of eutrophication was mdi
cated by high quotient values. The dominating
species were Centrales diatoms. The southern
and western regions of Lake Keurusselkä were
stili largely oligotrophic, with biomass leveis of
only around 0.2 mg/1. According to Järnefelt
(1956a), biomasses in 1945—1946 were 0.06—
0.34 mg/1, while Eloranta (1972) reported values
of about 0.9 mg/1 in 1970.
Lakes situated in the routes of Ähtäri and
Pihlajavesi were found to support biomass leveis
of 0,1—0.4 mg/1, while in Lake Ähtärinjärvi itself
the leveis were slightly higher, probably as a
resuit of diffuse loading (National Board of
Waters 1978a). The dominating species were
usually diatoms.
The routes of Ähtäri and Pihlajavesi unite
at the oligotrophic Lake Tarjannevesi, which is
considered to be in an almost unspoiled natural
state (National Board of Waters 1978a). Phyto
plankton leveis were between 0.2 and 0.5 mg/1.
Values of volume quotients were high in 1965.
The dominating phytoplankton were diatoms.
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Fig. 11. Sampling stations of the Kokemäenjoki river basin north of Lake Pyhäjärvi.
The Näsijärvi - Ruovesi chain of lakes is loaded
by effluents from the pulp and paper industry
(National Board of Waters 1978a). This was vety
evident in the level and the species composition
of phytoplankton in Lakes Paloselkä and Han
honvuolle. Species variety in these waters was vety
poor, the dominating species being Chryptomonas
sp. and Chroomonas sp.. The low biomass leveis
observed clearly indicated inhibition of growth
caused by the industrial effluents. This effect
continued towards Lake Ruovesi. Phytoplankton
was poor in species variety and low in biomass
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throughout this chain of lakes as far as the south
of Lake Näsijärvi. Järnefelt (1956a and b)
reported Lake Näsijärvi to be an oligotrophic
water body in 1945—1952.
Phytoplankton biomasses in Lakes Nerkoon
järvi and Kankarijärvi, two of the source lakes
of the Ikaalinen chain, were found to be 0.24—
0.64 mgIl, the dominating fiora usually being
diatoms. An exception was the sample in 1965
from the southern tip of Lake Ncrkoonjärvi,
which contained a high proportion of Hormogo
nales blue-green algae. The volume quotient and
odour mdcx in this sample were elevated. Bio
mass values in the south of Lake Kyrösjärvi
indicated siight eutrophication. Järnefelt (1956a)
also found some evidence of eutrophication in
this lake in 1946. In the present investigation
the most extensive eutrophication in the lakes of
this chain was found in Lakes Kirkkojärvi and
Mahnalanselkä, in which the biomasses were 0.54—
1.06 mg/1 and the volume quotients were high.
The value for the odour mdcx was aiso elevated
in Lake Mahnaianselkä in 1965.
Phytopiankton biomasses in the Kokemäen
joki river basin north of Lake Pyhäjärvi varied
between 0.01 and 1.40 mg/l, with a mean value
ofl.33 mg/l. Species number was usually low, the
dominating species being in most cases diatoms.
4.072 Lake Pyhäjärvi and watercourses to the
east of it
Sampling stations in Lake Pyhäjärvi and water
courses to the east of this lake are shown in
Fig. 12.
Phytopiankton biomass leveis in Lake Längel
mävesi were mainly 0.2—0.4 mg/i, although
eutrophication in the north of the lake raised
the leveis to over 4.0 mg/l. Järnefelt (1956a)
described this lake in 1945 as eutrophic. Lake
Oriseikä is loaded by the municipal effluents of
the town of Orivesi (National Board of Waters
1978a), as is evidenced by the increased values of
biomass and quotients. Lake Vesijärvi, entering
Lake Längelmävesi at its southern end, was
found to be an oligotrophic water body with
biomasses of 0.12—0.40 mg/l.
The lakes situated in the Hauho route are in
the main very clean lakes in an almost natural
state (National Board of Waters 1978a). The
most eutrophic are Lakes Pyhäjärvi and Omia-
järvi, in which phytoplankton leveis of over 1.0
mg/i were observed. A bioom of Hormogonales
blue-green aigae was observed in 1963, when
biomass leveis increased to over 6.0 mg/l. Similar
observations were later made by Ilmavirta et ai.
(1974).
The Lakes Iso-Roinevesi, Haukivesi, Ilmoilan
selkä and Pintele are ali oiigotrophic. The phyto
plankton leveis in ali these lakes were relatively
iow. Some eutrophication, with increased biomass
leveis and quotient values, was, however, observed
in the area Hauhonseikä of Lake Haukivesi. This
was caused by the sewage effluents from the
viliage of Hauho. The dominating species in ail
these lakes were Centrales diatoms.
Lakes Pälkänevesi and Roine are oligotrophic
(National Board of Waters 1978a). Phytopiank
ton leveis were 0.1—0.2 mg/1. The dominating
species in Lake Päikänevesi were Centrales
diatoms.
Eutrophication resuiting from the discharge of
sewage effluents from the town of Pälkäne is
discernibie in the northern part of Lake Mallas
vesi (National Board of Waters 1978a), in which
phytoplankton biomass leveis of 0.6—0.7 mg/1
were observed. The species composition of phyto
plankton also differed from that in the neigh
bouring waters, the dominance of Centrales
diatoms being clearly weaker whiie the pro
portion of Horinogonales blue-green algae was
increased. This alteration in species composition
resulted in increased values of the EV/OV
quotient and of the odour mdcx.
Lake Pääjärvi, at the source of the Vanajavesi
chain, is an oligotrophic lake (Granberg 1970c,
Ruuhijärvi 1974). Ilmavirta and Kotimaa (1974)
estimated phytoplankton biomass in this lake for
the growth season of 1971 to be 1—3 g/m2, cor
responding to 0.25—0.75 mgJl in the photic
layer. Similar leveis were also observed in the
present mnvestigation. The dominating species
were in 1963 Pyrrophyta algae and in 1965
Centrales diatoms.
Lake Kernaalanjärvi is a eutrophic lake, in
which water quality is influenced by effluent
from the paper miii of Tervakoski Oy (Ryhä
nen 1962). The biomass of 3.0—6.0 mgli was
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Fig. 12. Sampling stations of the Kokemäenjoki river basrn in Lake Pyhäjärvi and watercourses to the east of it.
dominated by Centrales diatoms, and quotient
values and odour index values were high.
Lakes Rautajärvi and Kalvolanjärvi, draining
into Lake Vanajavesi, are eutrophic. In Lake Kai
volanjärvi a bloom of Hormogonales biue-green
algae raised the phytoplankton level to 45 mg/i
in 1963. The odour mdcx was also high.
Lakes Katumajärvi and Lehijärvi in the Vana
javesi chain, as weil as the centrai Lake Vanaja
vesi itself, are eutrophic waters (National Board
of Waters 1978a). Biomass leveis in Lake Vanaja
vesi were usually 1.0—4.0 mg/i, but some values
as high as 10 mg/1 were observed. The values of
quotients and odour mdcx were in the latter
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sampies high. The species composition was
usually dominated by diatoms.
Lake Lotilanjärvi is badly polluted by wastes
from the puip and paper industry (National
Board of Waters 1978a). Species composition
was very restricted, but biomass values were high,
in 1963 over 20 mg/1. The dominating species in
this year were Scenedesmus spp., in particular
S. quadricauda (Turb.) Brb. In 1965 the phyto
plankton was composed of only six species,
dominating being Nitzschia sp. and Ochromonas
crenata Klebs. The water bodies Konhonvuolle,
Korteselkä and Lake Pyhäjärvi are eutrophic (Jär
nefelt 1956a). Phytoplankton leveis recorded in
this study were 1.0—5.0 mg/l, and both quotients
and odour index vaiues were high. The dominating
species throughout ali these waters were Centrales
diatoms. In his investigation of 1945 Järnefelt
(1956a) found that a biomass of 2.0 mg/1 in Lake
Pyhäjärvi was composed mainiy of diatoms.
Phytopiankton biomasses in Lake Pyhäjärvi
and waters to the east of it varied between 0.03
and 45.0 mg/1, the mean vaiue being 2.39 mg/l.
In addition to diatoms, a considerable proportion
of the biomass was in some waters composed of
blue-green algae.
4.073 Watercourses below the River Nokianvirta
Sampling stations of the Kokemäenjoki river
basin below the River Nokianvirta are shown in
Fig. 13.
Lakes Kulovesi and Rautavesi are both eutro
phic water bodies (Järnefelt 1956a, National
Board of Waters 1978a). Phytoplankton leveis of
1.0—2.0 mgIl were observed in this study. It is
possible that primary production is to some
extent inhibited in these waters by the toxic
effects of effluents (National Board of Waters
1978a). Quotient and odour index values were
high. The dominating algae belonged to the
division Chrysophyta and were in most cases
Centrales diatoms.
Lake Mouhijärvi is in the process of eutro
phication (National Board of Waters 1978a), as
is evidenced by a slight increase in biomass
and, in particular, by high quotient vaiues. The
dominating species in this lake were Centrales
diatoms.
Lake Sääksjärvi is aiso a eutrophic lake (Järne
felt 1956a). Biomass leveis were of the order of
2.0—4.0 mg/1 and quotients and odour index
values were high. The dominating species were
diatoms.
Phytoplankton biomasses in the Kokemäen
joki river basin below the River Nokianvirta
varied between 0.82 and 5.79 mg/l, the mean
value being 2.49 mg/l. The dominating species
were usually diatoms.
4.08 River basins of Ostrobothnia
Sampies were taken in this area from lakes in
the Karvianjoki, Lapuanjoki, Ähtävänjoki, Lesti
joki, Kalajoki, Pyhäjoki and Siikajoki river basins
(Fig. 14).
Lake Isojärvi in the Karvianjoki river basin is
a eutrophic lake (National Board of Waters
1978b). Phytoplankton biomass leveis were of
the order of 2.0 mg/1 and quotient leveis were
high. The dominating organisms were diatoms.
Lakes Inhottujärvi and Karvianjärvi are oligo
trophic. Biomass leveis observed were 0.2—0.3
mg/1, the dominating species being Centrales
diatoms. In the 1965 sample from Lake Karvian
järvi considerabie amounts of Hormogonales
blue-green algae were also observed.
Lake Karhijärvi is a highly eutrophic lake
(National Board of Waters 1978b). Phytoplank
ton ievels of over 10 mg/1 were recorded and the
values of odour index were also very high. The
major portion of the biomass was composed
of Centrales diatoms, although the proportion
of Hormogonales blue-green algae was also
significant.
Situated in the Lapuanjoki river basin, Lake
Kuortaneenjärvi is a eutrophic lake (National
Board of Waters 1978c). Phytoplankton levels
of over 1.0 mg/1 were recorded, and quotient and
odour mdcx values were high. The dominating
species were Hormogonales blue-green algae.
Lake Lappajärvi is in the process of eutro
phication (Nauonal Board of Waters 1978c).
Phytoplankton biomasses were 0.54—0.90 mg/1.
Some quotient values were particularly high, and
increased odour index values were also observed
in some cases. The dominating organisms were
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Fig. 13. Sampling stations of the Kokemäenjoki river basin below the River Nokianvirta.
diatonis, and the leveis of blue-green algae were
also higher than those usually observed in oligo
trophic waters.
Lake Lestijärvi in the Lestijoki river basin is
an oligotrophic lake (National Board of Waters
1977e). The phytoplankton biomass, dominated
by diatoms, was 0.2 mg/1. Quotient and odour
mdcx values were low.
Lake Reisjärvi in the Kalajoki river basin is
a eutrophic lake (National Board of Waters
1978d). Phytoplankton biomass was over 1.0
mg/1 and the values of quotients and odour index
were elevated. The major constituent of the
biomass were Centrales diatoms.
Lake Pyhäjärvi in the Pyhäjoki river basin is
largely oligotrophic in nature (National Board
of Waters 1978d). The level of phytoplankton
was below 0.2 mg/1 and both quotient values
and odour mdcx values were Iow. The dominating
species were diatoms. The area Salmenselkä of
this lake did show signs of some eutrophication:
phytoplankton biomass exceeded 1.0 mg/1 and
II I
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Fig. 14. Sampling stations in the river basins of Ostrobothnia.
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the proportion of blue-green algae was greater
than in the rest of the lake.
Lake Iso-Lamujärvi in the Siikajoki river basin
is considered to be oligotrophic (National Board
of Waters 1978d). Phytoplankton leveis were
around 0.6 mg/1 and quotient values were Iow.
The dominating species were diatoms.
Phytoplankton biomasses in the river basins
of Ostrobothnia were 0.15—14.5 mg/1, with a
mean value of 1.84 mg/1. The dominating plank
ton fiora were usually diatoms. Biomass leveis of
blue-green algae were also high in some eutrophic
lakes.
4.09 The Oulujoki, lijoki, Kuivajoki and
Simojoki river basins
Sampies were taken in this area from Lake Oulu-
järvi and the larger lakes of the chains draining
into it, from the larger lakes along the lijoki
river basin and from Lakes Oijärvi and Simojär
vi in the Kuivajoki and Simojoki river basins
(Fig. 15).
The major part of Lake Oulujärvi is oligotro
phic. However, the discharge of industrial and
municipal wastes has caused some changes in the
southern part of the Paltaselkä area and in the
eastern section of the Ärjänselkä area (National
Board of Waters 1977f). Phytoplankton bio
masses varied between 0.26 and 0.66 mg/1, the
highest values being found in the Paltaselkä area
and the lowest in the Niskanselkä area. The
dominating organisms were diatoms. Järnefelt
(1956a) described Lake Oulujärvi as oligotrophic
in his investigations of 1946 and 1951. Total
phytoplankt.on biomass was then 0.13 mg/l, the
species number 43 and quotient values were low.
The lakes draining into Lake Oulujärvi are
dystrophic waters in a natural state, with the
exception of Lake Pirttijärvi, which is polluted
by sewage and effluents from the dairy industry
(National Board of Waters 1977f). Phytoplankton
leveis were somewhat increased in Lake Pirtti
järvi and the effect of the pollutants was also
discernible in the following lake of the chain,
Lake Nuasjärvi. In addition to the increased
biomass leveis the volume quotient values were
also elevated in the effected lakes.
The lakes in the lijoki river basin are in an
oligotrophic state (National Board of Waters
1977g). Taking into account the geographical
location of this river and also the soil type,
phytoplankton biomass leveis were rather high.
In the case of some of the lakes the reason for
this may be water regulation, which has increased
the level of utilizable nutrients and hence also
primary production. The highest biomass leveis
were in Lake Tyräjärvi (over 1.0 mg/1), which
also supported the richest variety of species.
Lake Pudasjärvi is oligotrophic (National
Board of Waters 1977g). Phytoplankton bio
masses were 0.26—0.39 mg/1 and quotient and
odour index values were low. Järnefelt (1956a)
investigated this lake in 1946 and considered it
then also to be oligotrophic. Phytoplankton
leveis in this earlier research were below 0.01
mg/1 and the number of species was low.
Lake Oijärvi in the Kuivajoki river basin is
a eutrophic lake (National Board of Waters
197g). Phytoplankton biomass was in 1963 over
5.0 mgtl and was composed mainly of Centrales
diatoms and Hormogonales blue-green algae.
The odour index was high in both years.
Lake Simojärvi in the Simojoki river basin
supported a considerably higher level of phyto
plankton biomass in 1965 than in 1963, and the
species number was also higher in the second
sampling. The dominating organisms in both
years were Centrales diatoms.
The phytoplankton biomasses in the waters
of this area varied between 0.01 and 5.19 mg/1,
the mean value being 0.56 mg!l. The dominating
organisms were diatoms.
4.10 The Kemijoki and Tornionjoki river
basins
Both of these river basins contain only a few lakes.
Sampies were taken from the most important of
these lakes (Fig. 16).
The Kemijoki river basin is of the oligotrophic
type (Viitasaari & Seppänen 1967). Plankton
biomasses in the lakes investigated varied between
0.20 and 0.74 mg/l. The most eutrophic lake was
Lake Unari, in which the odour index values
were also higher than in the other waters along
the course of this river. Dominating species
belonged to the division Chrysophyta and were
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Fig. 15. Sampling stations in the Oulujoki, lijoki, Kuivajoki and Simojoki river basins.
in most cases Centrales diatoms.
The source waters of the Tornionjoki river
basin are clean subarctic lakes, while in the lower
reaches the lakes are coloured by humus and
soluble iron salts (Karimo et al. 1970). Slight
eutrophication observed in the lakes of this
watercourse is probably a resuit of the rock-
and soil type in this area (Maristo 1941). The
highest biomass and quotient values were found
in Lake Jerisjärvi.
The phytoplankton biomasses in the lakes of
this area varied between 0.20 and 1.49 mg/1, the
mean value being 0.54 mg/1. The dominating
species were diatoms.
60 80 100km
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Fig. 16. Sampling stations in the Kemijoki and Tornionjoki river basins.
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4.11 River basins of northern Lapland
and Kuusamo
Sampies were taken from Lakes Inarinjärvi and
Muddusjärvi in the Paatsjoki river basin, from
Lakes Kitkajärvi, Kirpistö, Kiitämö and Suininki
in the Koutajoki river basin, and from Lakes
Joukamojärvi, Muojärvi and Kuusamojärvi in
the Kemjoki river basin (Fig. 17).
Lake Inarinjärvi was found to be oligotrophic
(Airaksinen & Heinonen 1976), with phyto
plankton typical of this classification. The
maximum level was below 0.2 mg/l and the value
of odour mdcx was very low. The dominating
species were diatoms. Järnefelt (1956b) in
vestigated this lake at the beginning of the 1950-
decade and observed phytoplankton leveis of
between 0.02 and 0.06 mg/l. Quotient values
were also very low.
In one of the two sampies from Lake Muddus
järvi in 1963 the phytoplankton level was greater
than 1.0 mg/i, resulting from an abundance of
Centrales diatoms. Quotient values in this lake
were low.
The lakes in the Koutajoki and Kemjoki
river basins are in the main clean and oligotrophic
(Heinonen & Myllymaa 1974). Phytoplankton
biornasses of 0.30—0.74 mg/l and 0.23—0.93
mg/l, respectively, were observed in the lakes of
these river basins. The highest values were from
Lake Kuusamojärvi, which is loaded by sewage
effluents. The western end of the lake was
somewhat eutrophic, which was reflected in
elevated values of volume quotient and odour
index. The dominating species were in general
Centrales diatoms in ali these lakes, although the
proportion of blue-green algae was also high in
Lake Kuusamojärvi in 1963.
Phytopiankton biomasses in the waters of
northern Lapland and Kuusamo were 0.09—
1.10 mg/l with a mean value of 0.39 mgfl. The
dominating species were diatoms.
5. DISCUSSION
5.1 Regional survey of phytoplankton
biomasses
regions is presented in Table 2. The results for
1963 and 1965 have been combined.
The highest biomass levels were recorded in
the relatively small lakes of the coastal regions
(Areas 4, 5, 7). Of the inland watercourses the
most eutrophic were the eastern sources of the
Kokemäenjoki river basin (Area 6.2) and the
lower reaches of the same river (Area 6.3). In
the Vuoksi river basin the most eutrophic lakes
were found in the Iisalmi-Kuopio route. A similar
comparative classification of the watercourse was
possible on the basis of physical and chemical
analyses (Laaksonen 1970 and 1972). Eutrophica
tion of lakes in coastal areas and in the Iisalmi-
Kuopio route is mainly due to soil fertility. In
other eutrophic lakes waste waters are generally
the cause of eutrophication.
The dominating phytoplankton species in ali
cases belonged to the division Chrysopbyta, and
very often were diatoms. The proportion of algae
of the divisions Cyanophyta and Chlorophyta
were low, while the appearance of Euglenophyta
algae was confined to highly eutrophic and
usually badly polluted waters.
5.2 Total phytoplankton biomass leveis
Phytoplankton biomasses varied in 1963 between
0.01 and 45.0 mg/l and in 1965 between 0.02
and 18.6 mg/l. The distribution of biomass Ievels
has been expressed graphically (Figs. 18 and 19)
using the display technique of Järnefelt (1956a)
in which the sampies are arranged aiong the
lower axis from left to right in accordance with
increasing biomass value per sample. A division of
the biomass results for the two years is presented
in Table 3, along with some estimated compari
sons with the investigation of Järnefelt (1956a).
The forms of the curves for 1963 (Fig. 18) and
1965 (Fig. 19) are identical with that of the
curve presented by Järnefelt (1956a), which was
based in part on sampies taken as long ago as the
end of the 1930-decade. Small differences iii
relative proportions may resuit from the facts
that the material of Järnefelt included many
small oligotrophic lakes and that his investigation
was not carried out on such a wide geographical
basis as the present research.
Järnefelt (1956a) held the lower threshold ofA summary of the phytoplankton biomasses by
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Fig. 17. Sampling stations in the river basins of northern Lapland and Kuusamo.
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Table 2. The summary of phytoplankton biomasses by regions.
Region Phytoplankton biomass, mg/1 (fresh weight) Number Number
Cyanophyta Chlorophyta Euglenophyta Chrysophyta Pyrrophyta Total of species of samples
1. 0.03 0.04 <0.01 0.38 0.04 0.49 54 12
2. 0.06 0.07 0.01 0.80 0.10 1.03 62 255
2.1 0.03 0.06 <0.01 0.25 0.05 0.39 51 93
2.2 0.10 0.10 0.01 1.58 0.16 1.94 77 98
2.3 0.05 0.04 <0.01 0.40 0.07 0.56 56 64
3. 0.05 0.04 0.01 0.44 0.10 0.63 63 228
3.1 0.03 0.04 <0.01 0.30 0.07 0.44 66 138
3.2 0.10 0.06 0.01 0.95 0.21 1.32 60 55
3.3 0.04 0.03 <0.01 0.20 0.04 0.31 62 35
4. 1.17 0.54 0.17 2.27 0.24 4.39 77 21
5. 0.59 0.34 0.05 1.02 0.06 2.05 87 11
6. 0.37 0.22 0.03 0.84 0.11 1.56 56 179
6.1 0.02 0.01 <0.01 0.23 0.07 0.33 39 73
6.2 0.70 0.38 0.04 1.14 0.13 2.39 67 94
6.3 0.03 0.05 0.01 2.15 0.25 2.49 72 12
7. 0.40 0.11 0.01 1.21 0.11 1.84 66 24
8. 0.06 0.06 0.01 0.39 0.05 0.56 54 52
9. 0.03 0.04 <0.01 0.40 0.07 0.54 66 22
10. 0.03 0.02 0.01 0.30 0.03 0.39 58 22
1—10 5c 0.17 0.11 0.02 0.70 0.09 1.09 61 826
Table 3. The phytoplankton biomassvalues for 1963 and
1965, along with some estimates extrapolated from the
August distribution in the sampies of Järnefelt (1956a).
Phytoplankton Percentage of sampies
biomass, mg/l Year 1963 Year 1965 Järnefelt
(fresh weight) (1956a)
<0.20 19.6 30.5 -
<0.50 60.1 67.6 -
<0.80 75.2 79.0 -
< 1.00 78.9 81.4 85.0
1.00—2.00 9.3 7.7 -
>-2.00 11.8 10.9 10.0
>10.0 1.8 1.6 -
phytoplankton biomass in Finnish lakes described
as eutrophic to be 8 l/ha (equivalent to a fresh
weight of 0.8 mg/l). Only those lakes with a
phytoplankton biomass not exceeding 1.5 l/ha
(0.15 mg/l) were further investigated as examples
of oligotrophic lakes. The latter threshold seems
very low indeed and may result to some extent
from differences between the research material
of his study and of the present investigation.
In the literature, phytoplankton biomass
values (converted to fresh weight) of 0.1—1.0
mg/l have been reported during the growth
season for lakes described as oligotrophic (Rodhe
1958, Findenegg 1958, Moskalenko 1972,
Velikoretskaya & Forsh 1972, Wi1ln 1972,
Gliwicz 1975, Munawar & Munawar 1975, Janus
& Duthie 1979). Mesotrophic lakes, or lakes
undergoing eutrophication, have in turn usually
supported phytoplankton biomass leveis of 0.6—
3.0 mg/l (Andronikova & Drabkova 1972, Lehn
1972, Goldman et al. 1973, Hecky 1975). The
highest values have been reported for obviously
eutrophic lakes. Biomass levels reported iii the
literature for eutrophic lakes vary between 1.8
and 30.0 mg/1 (Pieczy6ska 1971, Edmondson
1972, Schindler et al. 1974, Spodniewska 1974
and 1978, Armitage & Simmons 1975, Fleming
1975, Holtan 1978). During blue-green aigal
blooms values of several hundred mihigrams per
litre have been recorded (Haxnmer 1969, Popova
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et al. 1972, Topatschewsky & Sirenko 1973,
Haijula & Langi 1974, Cronberg et al. 1975).
On the basis of the detailed examination of
the present results and also other available in
formation concerning the lakes investigated, it
is possible to classify Finnish lakes on a scale of
eutrophication according to midsummer phyto
plankton biomass leveis as follows:
Phytoplankton biomass classification
(mg/l, fresh weight)
The great majority of the Finnish lakes in
vestigated are obviously oligotrophic. Median
biomass values were in 1963 about 0.4 mg/1 and
in 1965 about 0.3 mg/l. Only 1.7 % of the
sampies taken were hypereutrophic. Biomass
leveis were in general lower in 1965 than in
1963. In an investigation based on single sampies
this difference may be pure coincidence, but it
may also be that the results were influenced by
climate conditions. The month of July was in
most areas cooler in 1965 than in 1963 (Tie- ja
vesirakennushallitus 1965 and 1968).
In the treatment of the results below, the
regional division has been abandoned in favour
of grouping according to biomass (Table 4).
Groups 1 and II represent oligotrophy ac
cording to the classification described above,
group III incipient eutrophy, groups IV and V
mesotrophy and groups VI, VII and VIII dif
ferent degrees of .eutrophy.
5.3 Phytoplankton composition
5.31 Divisions and orders
The amounts (mg/I) of different divisions and
orders constituting phytoplankton biomass are
presented in Table 5. for each of the eutro
phication groups 1—Vili of Table 4.
The dominating division in Finnish waters
of ail stages of eutrophication was Chrysopbyta.
Within this division the dominating organisms
were Centrales diatoms, again in ali these eight
groups. With increasing levels of biomass algae
of the division Pyrrophyta were the second most
abundant organisms in waters with a total
biomass of up to 2.5 mg/l (Group V), after which
the divisions Cyanophyta and Cbloropbyta were
represented to a greater extent than Pyrrophyta
algae.
The amount of blue-green algae increased with
increasing eutrophication, particularly the order
Hormogonales. The biomass of green algae also
increased with eutrophication. Of the different
orders of green algae, Pro tococcales indicated
most clearly eutrophication. Algae of the order
Desmidiales were also found more abundantly
in eutrophic than in oligotrophic waters. This
order has generally been held to be an indicator
of oligotrophy (Järnefelt 1956a, Järnefelt et al.
1963, Willn 1976), although Desmidiales have
Table 4. Grouping of the results according to phytoplankton biomass.
Group Phytoplankton biomass C1ificaon
Number Percentage
mg/I (fresh weight) of samples
1 0—0.20 oligotrophy 212 2
5.7
II 0.21—0.50 322 39.0
III 0.51—1.00 incipient eutrophy 129 15.6
IV 1.01—1.50 } mesotrophy 5.9V 1.51—2.50 40 4.9
VI 2.51—5.00 } eutropiiy 35 4.2VII 5.01—10.0 25 3.0
VIII >10.0 hypereutrophy 14 1.7
Total 826 100.0
<0.20
0.21—0.50
0.51—1.00
1.01—2.50
2.51—10.0
>10.0
ultra-oligotrophic
oligotrophic
incipient eutrophy
mesotrophic
eutrophic
hypereutrophic
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Table 5. The composition of phytoplankton biomass (mg/l, fresh weight) by divisions and orders in various groups
(Table 4).
nision Phytoplankton biomass (mgII) iii group
order 1 II III IV V VI VII VIII
Cyanophyta 51 <0.01 0.02 0.05 0.08 0.13 0.25 1.26 5.30
s 0.010 0.028 0.068 0.143 0.290 0.601 1.801 11.44
Chroococcales 51 <0.01 0.02 0.02 0.03 0.03 0.05 0.57 0.30
s 0.009 0.023 0.039 0.038 0.055 0.073 1.133 0.476
Hormogonales 51 <0.01 0.01 0.03 0.05 0.10 0.20 0.69 5.00
s 0.006 0.016 0.057 0.138 0.280 0.609 1.153 12.31
Chlorophyta 51 0.02 0.03 0.05 0.11 0.11 0.31 0.56 2.53
s 0.017 0.025 0.069 0.219 0.155 0.716 0.887 5.889
Volvocales 51 <0.01 <0.01 <0.01 0.01 0.02 0.02 0.04 0.04
s 0.003 0.011 0.006 0.025 0.027 0.027 0.067 0.047
Tetrasporales 5c <0.01 <0.01 0.01 0.04 0.02 0.03 0.10 0.09
s 0.006 0.010 0.036 0.169 0.060 0.098 0.251 0.164
Protococcales Sc 0.01 <0.01 0.02 0.03 0.07 0.07 0.36 2.21
s 0.008 0.012 0.022 0.050 0.123 0.132 0.792 5.961
Ulotrichales ii <0.01 0.01 0.02 0.03 0.01 0.08 0.02 <0.01
s 0.001 0.016 0.049 0.149 0.022 0.351 0.043 0.005
Desmidiajes 51 <0.01 0.01 0.01 0.01 <0.01 0.12 0.05 0.19
s 0.004 0.007 0.025 0.030 0.010 0.659 0.094 0.369
Euglenophyta ii <0.01 <0.01 <0.01 <0.01 0.03 0.03 0.05 0.24
s 0.001 0.003 0.034 0.009 0.060 0.049 0.066 0.439
Chrysophyta 51 0.09 0.22 0.45 0.83 1.48 2.66 4.79 8.90
s 0.041 0.079 0.151 0.289 0.446 0.894 2.543 4.713
Chrysomonadinae 31 0.04 0.08 0.15 0.25 0.31 0.26 0.37 2.50
s 0.027 0.054 0.128 0.257 0.310 0.485 0.882 5.234
Heterokontae 31 <0.01 <0.01 <0.01 <0.01 0.01 0.03 0.01 0.01
s 0.003 0.005 0.004 0.005 0.016 0.070 0.014 0.021
Centrales 31 0.04 0.10 0.22 0.45 0.80 1.83 3.90 6.04
s 0.029 0.066 0.146 0.302 0.534 1.057 2.816 4.876
Pennales 31 0.01 0.03 0.08 0.13 0.35 0.54 0.52 0.36
s 0.013 0.036 0.100 0.182 0.430 0.702 1.341 0.840
Pyrrophyta ii 0.02 0.06 0.12 0.19 0.24 0.20 0.27 0.65
s 0.022 0.048 0.112 0.174 0.203 0.152 0.225 1.110
Chryptomonadinae 31 0.02 0.04 0.09 0.16 0.19 0.15 0.22 0.60
s 0.021 0.045 0.107 0.173 0.197 0.128 0.225 1.128
Perjdjneae 31 <0.01 0.02 0.03 0.03 0.05 0.05 0.06 0.05
s 0.009 0.026 0.047 0.049 0.054 0.097 0.089 0.057
Total biomass 31 0.142 0.323 0.679 1.21 1.98 3.45 6.93 17.5
s 0.046 0.081 0.127 0.133 0.271 0.549 1.361 8.769
n 212 322 129 49 40 35 25 14
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in some cases been reported as the dominating
species in eutrophic waters (Järnefelt 1952b).
Amounts of Euglenophyta also increased with
increasing eutrophication. The increasing biomass
of algae of the division CA’rysophyta with eutro
phication was mainly due to the increasing leveis
of Centfales and to a lesser extent Pennales
diatoms.
In addition to quantitative changes occurring
with increasing total phytoplankton biomass
concentration, the relative amounts of different
divisions and orders also altered. The changes
by divisions are displayed in Table 6.
The most striking of the changes in relative
composition was the considerable increase in
the proportion of blue-green algae in waters with
a total phytoplankton biomass exceeding 5.0
mg/l (Groups vi! and VIII). Another significant
change was the decreasing proportion of Pyrro
phyta with increasing total biomass.
Changes in the amounts of the different
divisions and orders with increasing eutrophica
tion are displayed in Table 7. The correlations of
each division and order with total biomass have
Table 6. The pereentage composition of phytoplankton biomass by divisions in sainpies from the eutrophication
groups 1—ylH (Table 4).
. .
.
Phytoplankton biomass percenrage composition in group
Division
1 II III IV V VI VII VIII
Cyanophyta 5.2 6.2 7.3 6.6 6.3 7.3 18.2 30.1
Chlorophyta 11.5 9.0 7.3 9.0 5.5 9.0 8.1 14.3
Euglenophyta 0.2 0.2 1.5 0.4 1.5 0.9 0.7 L4
Chrysophyta 65.0 66.8 66.2 68.4 74.7 77.0 69.1 50.6
Pyrrophyta 18.1 17.8 17.7 15.6 12.0 5.8 3.9 3.6
E 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Table 7. The correlation coefficients of the biomass values of the different divisions and orders with total biomass for
eacli eutrophicacion group (Table 4) and for the wbole material.
Division Correlation coefficient with total biomass in group
order 1 II III IV V VI VII VIII 1—yli
Cyanophyta 0.167* 0.126* 0.140 —0.020 —0.160 0.142 0.014 0.494
o644m
Chroococcales 0.087 0.110* 0.108 —0.161 0.305* 0.082 0.359 0.059 0.518***
Hormogonales 0.107 0.067 0.107 0.078 —0.013 0.032 —0.231
Ø499* 0.617***
Chlorophyta 0.273*** 0.089 0.207* 0.347* 0.183 0.410* 0.153 0.155 0.667***
Volvocales 0.052 0.029 0.123 —0.029 0.139 0.297 —0.252 0.172 0.548***
Tetrasporales 0.026 0.055 0.101 0.299* —0.014 0.117 0.146 — 0.240 0.367***
Protococcales 0.125 0.045 0.177* —0.062 0.288 0.297 0.191 0.301 0.634***
IJlotrichales 0.027 0.019 0.075 0.329* 0.336* —0.069 0.179 —0.238 0.206**
Desmidiajes 0.124 0.088 0.073 —0.117 0.150 0.182 0.243 —0.181 0.443
Euglenophyta 0.042 —0.012 0.060 0.071 0.196 0.137 0.176 0.215 0.584*
Chrysophyta 0.805 0.630*** 0.466*** 0.303* 0.392* —0.021 0.378 —0.360 0.922*
Chrysomonadinae 0.408* 0.281 0.124 0.033 —0.009 —0.036 —0.195 —0.006 0.499**
Heterokontae 0.032 —0.047 0.034 —0.101 —0.072 0.074 —0.229 —0.049 0.404*
Centrales 0.366*** 0.429*** 0.121 0.306* 0.242 0.077 0.391 —0.377 0.802***
Pennales 0.300*0.285***O.238** 0.016 0.058 0.209 0.146 0.208 0.638***
Pyrrophyta 0.211** 0.270* 0.064 —0.090 0.210 0.015 —0.286 0.059 0.623***
Cryptomonadinae 0.093 0.214*** 0.065 —0.141 0.171 —0073 —0.313 —0.149 0.560***
Peridineae 0.082 0.169** 0.108 0.249 0.119 0.242 0.238 0.165 0.426***
*** statistically highly significant (99.9 % prob.)
** statistically significant (99.0 % prob.)
* statistically almost significant (95 % prob.)
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been calculated for each eutrophicauon group
and for the whole material. Calculations were
made after logarithmic transformation of the
biomass values.
In the groups 1 and II (biomass 0.01—0.50
mg/l) eutrophication was indicated most clearly
by the orders within the division Cbrysophyta,
with the exception of the division Heterokontae.
In the succeeding groups the number of signi
ficant correlation decreased, while in the hyper
eutrophic group (Group VIII, biomass >10 mgfl)
the increase in biomass was clearly a resuit of
increasing leveis of blue-green algae, in particular,
algae of the order Hormogonales.
In the treatment of the whole material the
differences within the groups were observed, and
in general it can be stated that the amounts of
ali the divisions and orders increased with in
creasing total biomass. The strongest correlation
with increasing total biomass was found for the
division Chrysopbyta, while the correlations for
the other djyjsjons were fair or considerable.
5.32 Numberofspecies
The numbers of species in the sampies varied in
1963 between 5 and 128 and in 1965 between 3
and 160. In the course of the whole research a
total of 680 taxons were identified. The distribu
tion of samples according to the species number
is presented in Table 8.
The median values of the species number were
54 and 62 species in 1963 and 1965, respectively.
The smallest numbers were recorded in waters
highly polluted by industrial effluents, while the
highest were observed in eutrophic lakes affected
by domestic wastes.
In general, the phytoplankton species number
was low in the most oligotrophic group and in
creased up to and including group VI (Table 9).
In group VII the correlation between the species
number and the biomass was fair. The mean
value of the species number was, however,
smaller in this group than in the preceding. In the
samples with biomass values exceeding 10 mg/l
Table 8. The numbers of phytoplankton species in 1963
and 1965.
Number Number of samples
of SPCS 1963 Percentage 1965 Percentage
<20 7 2.1 . 5 1.0
21—30 16 4.9 19 3.8
31—40 39 11.9 55 11.0
41—50 79 24.1 82 16.5
51—60 60 18.3 81 16.3
61—70 51 15.6 79 15.9
71—80 28 8.5 73 14.7
81—90 20 6.1 36 7.2
91—100 13 4.0 21 4.2
101—110 6 1.8 18 3.6
111—120 7 2.1 13 2.6
>120 2 0.6 16 3.2
328 100.0 498 100.0
(Group VIII) the species number decreased with
increasing biomass. This correlation was statisti
cally almost significant. Differences between
groups VI, VII and VIII were, however, not
significant.
Increasing species number with increasing
total biomass has also been recorded by Eloranta
(1978), who on the basis of his own rese,arjh
material stated that “the number of species
grows with increasing productivity, at least to the
biomass value 2 g/m3”. On the basis of the
present investigation the increase continues at
least to a biomass level of 5.0 mg/l (5 gIm3).
The species number of the dlvision Cyanophyta
increased with increasing total biomass up to
10 mg/l (Group VII), after which a slight decrease
was observed. The number of species of algae of
the order Hormogonales increased also in the
most eutrophic group (Group VIII). Similarly the
species number of green algae clearly increased
with eutrophication, due mainly to algae of
the order Protococcales. As the number of
Desmidiales species was also greater in eutrophic
than in oligotrophic waters, this order cannot in
its entirety be considered as an indicator of
oligotrophy.
The species number of Euglenophyta increased
along with eutrophication, whereas the number
of species of the division Chrysophyta, parti
eularly of diatoms, were greatest in group VI
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Table 9. The mean number of species and the biomass of phytoplankton, and the correlations between these variabies,
in the different eutrophication groups (Table 4).
Group 1 II III IV V VI VII VIII 1—Vili
Phytoplankton biomass,
mg1 (B) 0.14 0.32 0.68 1.21 1.98 3.45 6.93 17.5 1.09
Correlation niog B 0.552* 0.1 53** 0. 74* 0.043 — 0.016 0.072 0.650**0.697 0.626***
*** statistically highly significant (99.9 % prob.)
** statistically significant (99.0 % prob.)
* statistically almost significant (95 % prob.)
(biomass 2.51—5.0 mg/l). A similar maximum of
the species number of the division Pyrropbyta and
of its constituent orders was observed in group VL
Diatoms, Protococcales green algae and
Euglenophyta most obviously favoured eutrophic
waters. In the classification of Järnefelt (1952b),
based on proportionality within the total species
number, Protococcales lakes (over 35 % of the
species) are eutrophic. Protococcales-Cyanopbyta
Diatomae lakes are eutrophic if some Eugieno
phyta are also present, but oligotrophic or dys
eutrophic in their absence.
The numbers of species of the different
divisions and orders are presented as the means
for the eutrophication groups in Table 10.
5.33 Diversity
Values for diversity were calculated using the
expressions due to Margalef (1958) and Shannon
(Hutchinson 1967).
The maximum diversity according to the
equation of Margalef was for group VI (Table 11),
in which biomass levels were 2.51—5.0 mg/l and
the number of species was also highest. Calculated
according to Shannon, the maximum diversity
was found in group III (biornasso.51—1.00mgfl).
In hypereutrophic waters the diversity decreased,
reflecting the diminishing variety of the phyto
plankton. The differencies between different
groups were, however, statistically not significant.
The Margalef diversity of a sample correlated
very strongly with the species number (Table 12).
A sirnilar correlation has previously been reported
by Eloranta (1976).
The correlation of Margalef-diversity with
biomass was insignificant or weakly significant
in ali eutrophication groups. The strongest
correlation — a negative one — was in the most
eutrophic group. The Shannon diversity had no
significant correlation with either the species
number or the biomass. The mutual correlations
of the two diversities were also insignificant.
Diversity has in some previous investigations
been considered as a convenient method of
monitoring the water quality in larger eco
systems (Haedrich 1975, Koivo 1978, Tinnberg
1979). The present research does not support
this opinion. At best diversity can be regarded
only as an additional parameter in the examina
tion of results. Similar conclusions have previously
been reached by Archibald (1972) and Murphy
(1978).
5.4 Quotients
5.41 ElO and EV/OV quotients by Järnefelt
The quotients most widely used in Finland have
been the ElO and EVIOV quotients developed
by Järnefelt (1952b and 1956a) and Järnefelt et al.
(1963). The ElO quotient is calculated from the
nurnbers of species favouring eutrophic and
oligotrophic environments, and the EV/OV
quotient from the total volumes of the sarne
species. The distributions of quotient values
have been collected into Table 13. Quotient
values have been omitted for those sampies in
which no oligotrophic indicator species were
observed (61 sampies). The true distribution of
Number of species (n) ii 44.9
s 14.6
57.7 66.9 74.7 85.0 94.4 94.0 92.5 61.4
17.7 19.0 21.5 27.9 26.7 20.4 33.5 23.8
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Table 10. The mean number of species of the divisions and orders lii the different eutrophication groups,
Divisjon The mean nuniber of species in group
order 1 II III IV V VI VII VIII 1— VIII
Cyanophyta 5.5 6.5 7.5 8.6 9.9 10.2 13.3 11.2 7.2
s 2.63 2.66 2.93 4.22 4.01 3.38 4.83 5.81 3.50
Chroococcales 3.4 4.3 4.5 4.9 5.0 5.9 7.3 5.6 4.3
s 1.93 2.08 2.25 2.53 2.78 2.36 3.73 3.27 2.32
Hormogonales ii 2.1 2.2 3.0 3.7 4.9 4.3 6.0 5.6 2.9
s 1.28 1.49 1.90 2.33 2.17 1.77 2.05 3.34 1.88
Chlorophyta 15.3 20.3 23.5 26.7 32.4 38.6 39.2 43.9 22.1
s 7.62 10.0 10.7 10.7 14.7 16.2 11.8 14.2 12.5
Volvocales 1.0 1.2 1.5 2.0 2.5 2.3 2.2 2.1 1.6
s 0.62 0.76 0.85 1.12 1.15 1.37 1.44 0.59 0.85
Tetrasporales 3 2.0 2.1 2.4 2.2 2.4 2.6 2.2 2.2 2.2
s 0.87 0.94 1.03 0.94 0.96 0.97 0.93 0.96 0.92
Protococcales 8.5 11.1 13.1 14.8 20.0 24.2 28.5 30.3 12.1
s 4.65 5.82 6.41 6.93 10.3 11.9 9.95 10.4 8.35
Ulothricales 0.9 1.5 1.5 1.5 1.5 2.2 1.3 1.3 1.5
s 0.72 0.80 0.83 0.96 0.80 1.16 0.52 0.52 0.65
Desmidiales 5c 2.9 4.4 5.0 6.2 6.0 7.3 5.0 8.0 4.7
s 2.51 4.07 4.23 5.24 4.10 5.14 3.37 5.27 3.90
Euglenophyta 5c 1.2 1.0 2.3 3.6 5.9 6.7 8.5 8.6 2.6
s 0.67 1.15 1.80 2.33 4.74 4.19 5.15 3.01 2.62
Chrysophyta i 19.3 25.5 29.1 30.6 31.6 33.6 28.0 244 25.2
s 6.53 6.92 7.54 9.12 10.3 9.87 10.8 13.1 8.75
Chrysomonadinae 8.3 11.2 12.5 11.3 10.7 11.1 8.7 6.5 10.3
s 3.51 4.03 4.10 5.19 5.08 4.60 5.40 5.39 4.38
Heterokontae 1.0 1.3 1.5 1.4 1.6 1.7 1.4 1.4 1.3
s 0.39 0.62 0.80 0.98 1.12 1.11 0.79 0.74 0.60
Centrales 5.8 7.2 7.7 9.0 9.9 10.6 8.8 7.8 7.3
s 2.46 2.46 2.66 2.64 3.74 3.88 3.04 4.15 2.96
Pennajes 5i 4.2 5.8 7.4 8.9 9.4 10.2 9.1 8.7 6.3
s 2.30 2.77 284 3.46 2.96 3.12 3.42 3.69 3.25
Pyrrophyta 3.6 4.4 4.5 5.2 5.2 5.3 5.0 4.4 4.3
s 1.53 1.77 1.83 2.37 1.98 2.43 2.22 2.03 1.87
Cryptomonadinae 5i 1.0 1.1 1.0 1.2 1.1 1.1 1.2 1.1 1.1
s 0.36 0.39 0.38 0.36 0.43 0.36 0.43 0.38 0.37
Peridineae 5 -2.6 3.3 3.5 4.0 4.1 4.2 3.8 3.3 3.2
s 1.34 1.63 1.70 2.19 1.98 2.46 2.14 2.02 1.68
Total 5i 44.9 57.7 66.9 74.7 85.0 94.4 94.0 92.5 61.4
s 14.61 17.74 18.97 21.51 27.93 26.70 20.36 33.47 23.84
n 212 322 129 49 40 35 25 14 826
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Table 11. Diversity values in the different eutrophication groups (Table 4).
Group 1 II III IV V VI VII VIII 1—VIlI
Diversity:
Margalef 4.49 5.40 5.95 6.41 6.99 7.56 7.15 6.81 5.56
s 1.395 1.604 1.620 1.809 2.259 2.139 1.570 2.643 1.857
Shannon 3.41 3.50 3.64 3.50 3.28 3.60 3.46 3.03 3.48
s 0.806 0.762 0.693 0.851 0.997 0.858 0.789 1.070 0.795
n 212 322 129 49 40 35 25 14 826
Table 12. Correlations of the diversity mdcx values arrived at using the equations of Margalef and Shannon with
species number and biomass for each eutrophication group (Table 4. The mutual correlations of the two diversity
values are also presented.
Correlations (r) between
Group Margalef and Margalef and Shannon and Shannon and Shannon and
number of species biomass (log) number of species biomass (log) Margalef
1 0.988*** 0.500** 0.251*** 0.288*** 0.268***
II 0.992*** 0.103 0.136 0.015 0.140*
III 0.990*** 0.139 0.092 0.044 0.097
IV 0.991*** 0.011 0.066
— 0.067 0.080
V 0.993***
— 0.045 0.063 0.118 0.077
VI 0.993*** 0.056 0.180 0.170 0.182
VII 0.982*** 0.589** 0.427* 0.283 0.464*
VIII 0.991*** — 0.728**
— 0.039 0.048 — 0.056
I—VIH 0.974*** 0.473*** 0.119* 0.026 0.148***
*** statistically highly significant (99.9 % prob.)
** statistically significant (99.0 % prob.)
* statistically almost significant (95 % prob.)
Table 13. The distribution of ElO and EV/OV quotient values.
E:O Number of % of EV:OV Number of % of
samples sampies samples sampies
0—4.0 552 72.1 0—16 510 66.7
4.1—8.0 119 15.6 16.1—35 72 9.4
8.1—16.0 62 8.1 35.1—70 41 5.4
16.1—32.0 28 3.7 70.1—150 47 6.1
>32 4 0.5 >-150 95 12.4
765 100.0 765 100.0
quotient values would therefore be somewhat
more biased towards eutrophication.
By far the majority of quotients indicated
oligotrophy. Järnefelt et al. (1963) considered
that for oligotrophy the maximum values of
the E/O and EV/OV quotients were 8 and 35,
respectively. On the basis of the E/O quotients
12.3 % of the lakes in the present study were
eutrophic, while according to the EV/OV quo
tient values 23.9 % were eutrophic. Estimation
directly from bioniass values (section 5.2) gave
8.9 % eutrophic lakes. On the basis of the qual
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itative visual inspection Kaartotie (1962) arrived
at the conclusion that 13.6 % of Finnish lakes
and smaller water bodies were eutrophic in
195 1—195 3.
With increasing eutrophication it was found
that the ElO quotient followed more accurately
the rise in biomass than did the EV/OV quotient
(Table 14). The differences between various
groups were, however, not statistically significant.
Utilization of the volume quotients was
difficult because of the considerable deviation
within this parameter. Owing to a few high values
the mean EV/OV value of the most oligotrophic
group was rather near to the threshold value for
eutrophication proposed by Järnefelt et al.
(1963). This discrepancy can be examined using
the correlation matrix presented in Table 15.
Logarithmic transformations of both quotient
and biomass values were used in these calculations.
The strongest correlation was that between
the two quotients. Correlations of the quotients
with biomass were fair for the whole material
(Groups 1—Viil combined), but those with bio
mass and species number for the individual
groups were insignificant.
Use of these quotients was limited by the lack
of oligotrophic indicator species (cf. Rawson
1956) and, particularly in the case of volume
quotient, by the great deviation of the results.
5.42 The species quotients by Thunmark and
Nygaard
On the basis of the species distributions in plank
ton net sampies from Swedish lakes, Thunmark
(1945) developed a Protococcales/Desmidiales
quotient of species proportionality. When the
value of this quotient reaches 1.0, the lake is
eutrophic, while values below 1.0 indicate
oligotrophy. Nygaard (1949), investigating lakes
in Denmark, introduced several quotients based
on plankton net sampies. Three of these were
Table 14. The mean values of ElO and EV/OV quotients in the different eutrophication groups (Table 4).
Group 1 II III IV V VI VII VIII
ElO 2.2 2.8 4.3 8.8 14.2 12.2 20.7 23.1
s 2.16 2.76 3.53 9.61 12.81 8.06 13.57 14.79
EVIOV i 22.1 42.9 60.1 367 698 861 1 290 839
s 148.0 259.5 157.9 919.1 1 489 1 685 1 696 890.1
n 198 303 128 45 35 30 20 6
Table 15. The correlations of ElO- and EVIOV quotients with phytoplankton biomass and species number, and mutual
correlation of the two quotieats in the different eutrophication groups (Table 4).
G
Correlation (r) between
roup
ElO (Iog) and E/O (log) and EV/OV (log) and EV/OV (log) and EV/OV (Iog) and
biomass (log) species number biomass (Iog) species number ElO (Iog)
0.014 0.042 —0.049 —0.040 0.653***
II 0.126* 0.066 0.075 —0.094 0.613***
III 0.185* 0.059 0.178* —0.110 0.537***
IV —0.199 0.186 —0.245 0.057 0.737***
V 0.253 0.338* 0.128 —0.167 0.183
VI —0.109 0.161 0.020 —0.012 0.165
VII 0.057 0.178 0.227 0.420* 0.273
VIII 0.231 0.045 —0.184 0.163 0.209
1—VIII 0.609*** 0.432*** 0.603*** 0.344*** 0.748***
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applied to the resuit obtained in the present
work:
blue-green aigae Cyanophyta/Desmidiales
quotient species quotient
diatom quotient Centrales/Pennales
species quotient
Cyanophyta+Protococca
les+Centrales+Eugleno
phyta/Desmidiales species
quotient
The threshold values for eutrophication were
0.8, 0.2 and 2.5 in the blue-green aigae-, diatom
and compound quotients, respectiveiy.
The mean values of ali the four species quo
tients are presented in Table 16 for each eutro
phication group.
Ali the quotient values were extremely high
and as such were indicative of eutrophication in
ali of the eutrophication groups. With the excep
tion of the Protococcales/Desmidiales quotient no
ciear trend in the quotients was observable with
increasing biomass. The quotients were examined
further by caiculating the correlation coefficients
between the species quotient and total biomass,
and the E/V and EV/OV quotients by Järnefelt
et al. (1963) for the whole research materiai.
The iogarithmic transformations of biomass and
both ElO and EV/OV quotients were used in
these caiculations.
Table 16. The species quotients by Thunmark
(Table 4).
Biomass E/O EV!OV
Protococcales/
Desmidiales 0. 198 O.202 0. 150
Cyanophyta/
Desmidiales 0.070 0.036 0.036
Centrales/
***Pennales —0.174 —0.253 —0.286
Compound
quotient 0.120** 0.093* 0.094*
Ali the correlation coefficients were insigni
ficant, indicating that the species quotients by
Thunmark (1945) and Nygaard (1949) cannot he
applied to Finnish waters. This conciusion has
previously been reached by Järnefeit(1952b) and
Niinioja (1975). The inappiicabiiity of the
quotients of the Swedish and Danish studies
resuits at ieast in part from the iack of a single
complete aigai order favouring a certain fixed
trophic level.
Apart from the deviation arising from phyto
plankton sampiing techniques and microscopy,
the value of quotients is reduced by rapid changes
m phytoplankton composition with time, by the
varing relevance of different aigal species as
indicators in different areas, by environmental
conditions (Hoiland 1968, Brook 1965) and also
by the smali number of species indicating oligo
trophy (Rawson 1956). However, according to
compound quotient
(index)
(1945) and Nygaard (1949) in the different eutrophication groups
Species quotients in group
1 11 III IV V VI VII VIII
Protococcales/ 5 3.5 3.5 3.7 3.9 5.1 5.3 7.1 4.6
Desmidiajes s 2.89 2.99 3.01 3.49 4.94 5.89 4.80 2.26
Cyanophyta/ 2.1 2.1 2.2 2.1 2.4 2.2 3.3 1.4
Desmjdjales s 1.74 2.06 1.95 2.38 2.18 1.66 2.51 1.00
Centrales/ 1.5 1.5 1.2 1.2 1.1 1.1 1.0 0.9
Pennales s 0.98 0.96 0.54 0.75 0.47 0.66 0.35 0.26
Compound 5.3 5.5 5.9 5.9 7.6 6.8 8.7 4.0
quotient s 4.25 4.99 5.15 6.15 8.38 6.87 6.90 2.40
n 212 322 129 49 40 35 25 14
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several investigations (Järnefelt 1 952b, 1 956a,
Rawson 1956) quotients are applicable to
relatively limited geographical areas.
5.43 Odourindex
The odour index (Section 3.2) is used as an
additional parameter in estimating the suitability
of a water body for water supply. When the
relative amount of harmful algae exceeds the
value 1.0, odour- and taste defects are possible.
In the majority of sampies, the algae giving
rise to odour- and taste defects were not observed
in harmfui quantities (Tabie 17). The odour
index was below 1.0 in 88.8 % of the sampies in
1963 and in 92.4 % in 1965. The values obtained
are in agreement with the conclusions reached
on the basis of the biomass and quotient values
Table 17. The distribution of the odour mdcx values
in 1963 and 1965.
Odour Year 1963 Year 1965
mdcx Number % Number %
of sampies of sampies
<0.10 125 38.1 208 41.8
0.11—0.20 76 23.2 135 27.1
0.21—0.40 53 16.2 56 11.2
0.41—0.60 18 5.5 32 6.5
0.61—0.80 12 3.7 20 4.0
0.81—1.00 7 2.1 9 1.8
1.01—2.00 20 6.1 20 4.0
>.2.00 17 5.1 18 3.6
328 100.0 498 100.0
(Sections 5.2 and 5.41).
The absolute amount of odour-inducing algae
as weil as their proportion of the total biomass,
and as a resuit also the odour index, ali increased
with increasing eutrophication (Table 18). The
differences of the mean odour mdcx vaiues
between eutrophication groups were statisticaily
highiy significant up to the group V (biomass
1.5 1—2.50 mg/i). In oligotrophic waters the
odour mdcx was usualiy 0.2 or smaller, whiie in
eutrophic iakes the value of this variabie was
over 1.0.
The correlation of odour mdcx with biomass
and certain other indicators of eutrophication
was tested (Tabie 19). The logarithmic trans
formations of ali the values were used in these
calcuiations.
The correlation of odour index with biomass
Table 19. The correlations of the odour index with
biomass and with the ElO and EV/OV quotients in the
different eutrophication groups (Table 4).
Correlation (r) between
Group
Odour mdcx Odour mdcx Odour mdcx
(iog) and (Iog) and (Iog) and
biomass (log) ElO (Iog) EV/OV (Iog)
1 0.556*** 0.257*** 0.132
II 0.442*** 0.277* 0.303***
III 0.239 0.196* 0.070
IV
—0.074 0.491*** 0.540***
V 0.084 —0.029 —0.087
VI
—0.091 0.140 0.136
‘Tfl
—0.212 0.379 —0.343
VIII 0.866’ 0.308 —0.144
I—VIIJ 0.881*** 0.634*** 0.606***
Table 18. The mean values of the indices and the amounts of algae inducing odour- and taste defects in the different
eutrophication groups (Table 4).
Group 1 II III IV V VI VII VIII
Odour/taste inducing algae, mg/1 0.08 0.19 0.40 0.84 1.45 2.65 5.59 15.3
s 0.040 0.083 0.168 0.284 0.495 0.878 1.92 9.54
Proportion of odour/taste inducing
algae in total phytoplankton % 57.7 58.2 59.0 69.2 72.9 76.8 80.7 87.3
Odourindex 0.06 0.15 0.31 0.55 1.02 1.17 3.99 16.3
s 0.048 0.145 0.442 0.354 0.762 0.700 4.17 32.9
n 212 322 129 49 40 35 25 14
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was strong for the overail material (Groups
1—ylh) and also in the most eutrophic group
(biomass > 10 mg/1). In the most oligotrophic
sampies (Groups 1 and II) fair correlation was
observed with biomass, but with increasing
eutrophication (from group IV, biomass 1;01—
1.5 mg/1) the correlation became insignificant.
Correlations of the odour iridex with the quotients
of Järnefelt et al. (1963) were fair for the whole
material (Groups 1—ylh), butmainly insignificant
within individual eutrophication groups.
The odour index as calculated in this work
has been compared by Granberg (1979) with
the odour threshold value employed in sensory
testing of drinking-water. A good correlation
was found.
5.5 Occurrence of species
5.51 Qualitative analysis
A total of 680 phytoplankton taxons were
identified from water sampies during the course
of this investigation. No species occured in ali
826 sampies and a large number of the species
were observed in only a few sampies. More
precisely, the frequencies of occurrence were
distributed in the following manner:
The remaining 323 species were observed
in less than 1 % of the sampies.
The occurrence frequencies of the 50 most
commonly observed taxons are presented in
Table 20. This table does not take into account
the species densities in the sampies in which
the species occurred.
Of these taxons 7 belonged to the division
Cyanophyta, 14 to Chlorophyta, 25 to Chryso
pbyta and 4 to Pyrropbyta. The hist of the 50
most commonly observed taxons did not contain
a single Euglenopbyta species.
In this investigation it was not possible to
compare the obtained results with the observa
tions made earlier by Järnefelt (1956a).
The total biomass of the whole research material
(826 sampies) was constituted as follows (it should
be remembered that the total abundance of a
taxon is not necessarily related to its frequency
of occurrence (cf Table 20):
Cumulative percentage
of total biomass
1 15.1
3 28.2
The 50 most abundant taxons and ‘their
proportions of the total biomass are displayed
in Table 21.
Of these 50 taxons 11 belonged to the division
Cyanophyta, 9 to Chlorophyta 26 to Chryso
phyta and 4 to Pyrrophyta.
5.52 Quantitative analysis
Order of taxon
abundance in total
material (826 sampies)
Number
of species
Occurrence percentage
(of ali 826 sampies)
10
20
50
2 90
8 75
35 50
87 25
155 10
277 5
357 1
59.6
73.3
86.5
50
Table 20. The 50 most frequently observed phytoplankton taxons.
Rank Name of Occurrence frequency
(% of sampies)
1 Fiagellata sp. (small) 96
2 Cryptomonas sp. 92
3 Sphaerocystis scbroetei’i Chod. 82
4 Aphanocapsa delicatissima W. et G.S. West 78
5 Rhjzosolenia langiseta Zach. 78
6 Scenedesmus bicelluiaris Chod. 78
7 Tabellaria fenestrata var. asterionejioidea Grun. 77
8 Melosira distans (E.) Kg. 75
9 Cyclotella stelligera CI. et Grun. 74
10 Mallomonas caudata Iwanoff 69
11 Mallomonas reginae Teiing 66
12 Ankistrodesmus falcatus var. setiformis Nygaard 65
13 Dinobryon bavaricum Imh. 65
14 Peridineae (unknown species) 64
15 Dinobiyon divergens Imh. 64
16 Asterionella gracillima (Hantzsch) Heib. 64
17 Tabellaria flocculosa (Roth) Kg. 63
18 Anabaena flos-aquae (Lyngb.) Breb. 63
19 Pennales (srnall, unknown species) 63
20 Gemeliicystis neglecta Teiling em Skuja 63
21 Mallomonas akrokomos Ruttner 61
22 Crucigenia tetrapedia (Kirchn.) W. et G.S. West 60
23 Melosira islandica 0. MUller 60
24 Scenedesmus armatus Chod. 58
25 Coelospbaerium Naegelianum Ung. 58
26 Ankistrodesmus convolutus Corda 57
27 Gloeocystisplanctonica (W. et G.S. West) Lemm. 56
28 Asterionella formosa Hass. 55
29 Peridinium inconspicuum Lemm. 54
30 Ceratium birundinella (0. F. Miiller) Schrank 54
31 Gompbosphaeria Iacustris Chod. 53
32 Melosira distans var. alpigena Grun. 52
33 Aukistrodesmus falcatus var. mirabilis W. et G.S. West 50
34 Ankistrodesmus falcatus (Corda) Ralfs. 50
35 Mallomonas tonsurata Teiling 50
36 Merismopedia tenaissima Lemm. 49
37 Melosira italica (E.) Kg. 48
38 Crucigenia quadrata Morren 47
39 Gomphosphaeria aponina Kg. 46
40 Diceras chodatii Rev. 46
41 Apbanocapsa elachista W et G.S. West 46
42 Cyclotella comta (E.) Kg. 45
43 Gyromitus cordiformis Skuja. 45
44 Salpingoeca frequentissima (Zach.) Lemm. 44
45 Botryococcus Braunii Kuetz, 43
46 Dinobryon acuminatum Ruttn. 41
47 Tabellaria fenestrata (Lyngb.) Kg. 41
48 Fragilaria crotonensis (Edw.) Kitt. 39
49 Tetraedron minimum (A. Braun) Hansgirg. 38
50 Dictyosphaerium pulchellum Wood 38
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Table 21. Quantitative representation of the 50 most abundant taxons.
Percentage of total
Rank Narne of taxon phytoplankton biomass
1 Melosira isiandica 0. Miiller 15.124
2 Aphanizomenon graciie Lemm. 6.658
3 Ciyptomonas sp. (small) 6.436
4 Melosira italica (E.) Kg. 6.226
5 MeIosiraranulata (E.) Ralfs. 5.691
6 Maliomonas caudata Iwanoff 5.041
7 Fiageilata sp. (small) 4.269
8 Rhizosoienia iongiseta Zach. 3.812
9 Tabellaria fenestrata var. asterioneiloides Grun. 3.306
10 SynurauveiiaE. 3.001
11 Asterioneila gracillima (Hantzsch) Heib. 1.691
12 Melosira distans (E.) Kg. 1.662
13 Melosira ambigua (Grun.) 0. MUller ,1.646
14 Aphanocapsa deiicatissima W. et. G.S. West 1.413
15 Pragilaria crotonensis (Edw.) Kitt. 1.399
16 Scenedesmus quadricauda Chod. 1.399
17 Aphanizomenonflos-aquae (L.) Ralfs. 1.219
18 Melosiragranulata var. angustissima Muller 1.160
19 Melosira italica var. tenuissima (Grun.) 0. Miiller 1.124
20 Stephanodiscus Hantzschii Grun. 1.042
21 Cyciotella stelligera CI. et Grun. 0.994
22 Anabaena spiroides Kleb. 0.640
23 Aphanocapsa eiachista W. et G.S. West 0.627
24 Anabaena flos-aquae (Lyngb.) Brb. 0.591
25 Planctospbaeria geiatinosa G.M. Smith 0.522
26 Scenedesmus bijuga (Turp.) Lagerh. 0.5 17
27 Gymnodinium fuscum (Ehrenb.) Stein 0.488
28 Anabaena scheremetievi var. incurvata Elenk. 0.471
29 Microcystisflos-aquae (Wittr.) Kirchn. 0.464
30 Rhizosolenia eriensis H.L. Smith 0.439
31 Staurastrum vestitum Ralfs. 0.431
32 Scenedesmus armatus Chod. 0.428
33 Cyciotella Kutzingiana Thwaites 0.422
34 Mailomonas reginae Teiling 0.414
35 Diatoma eiongatum (Lyngb.) Ag. 0.409
36 Tabeilaria fenestrata (Lyngb.) Kg. 0.39 1
37 Scenedesmus dimorphus (Turp.) Kitz. 0.390
38 Peridinium inconspicuum Lemm. 0.379
39 Mallomonas akrokomos Ruttner 0.3 78
40 Anabaena pian ctonica Brunnth. 0.376
41 Anabaena cjrcjnalis Rbh. 0.368
42 Cycioteiia Meneghiniana Kg. 0.366
43 Peridineae (unknown species) 0.360
44 Cycioteila comta (E.) Kg. 0.3 55
45 Melosira variaas C.A. Agardh 0.353
46 Asterionella formosa Hass. 0.348
47 Pediastrum Boryanum (Turp.) Meneghini 0.3 32
48 Gemeliicystisnegiecta Teiing cm Skuja 0.3 16
49 Lyngbya limnetica Lemm. 0.302
50 Oedogonium sp. 0.284
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5.53 Indicator species
5.5 31 Indicators used by Jarnefeit
In occurrences of so-called indicator species
favouring eutrophic or oligotrophic waters in
the present work the main attention was paid to
the eutrophic and oligotrophic indicators of
Järnefelt et al. (1963). The occurrence frequency
of each indicator species was calculated (as
percentage of i:he sampies containing at least one
of the species in question) for each eutrophica
tion group 1—Viil.
On the basis of the results obtained the
following species, which commonly occurred in
eutrophic (groups VI—VUI) lakes, but were
either absent or comparatively rare in oligo
trophic (groups I—II) lakes, can be considered as
the best indicators of eutrophication:
Occurrence frequency (%)
Name of species
Actinastrum Hantzschii Lagerheim
Amphiprora paludosa W. Smith
Chroococcus dispersus (Keissi.) Lemm.
Closterium gracile Brb.
Coelastrum cambricum Archer.
Dichtyosphaerium ehrenbergianum Naeg.
D. eiegans Bachman
Dimorphococcus lunatus A. Br.
Eugiena acus E.
E. charkowiensis Swir.
E. proxima Dang.
Glenodinium gymnodinium Penard
Kirchnerieila elongata G.M. Smith
K. lunaris (Kirchn.) Moebius
K. obesa (W. West) Schmidle
Lagerheimia genevensis Chod.
Lepocinclis texta (Duj.) Lemm. em. Conr.
Melosira granulata (E.) Ralfs
M. varians C.A. Agardh
Micractinium pusilum Fresenius
Microcystis aeruginosa Kg.
M. flos-aquae (Wittr.) Kirchn.
M. viridis (A. Br.) Lemm.
Oscilatoria limnetica Lemm.
Pandorina morum (MUller) Bory
Pediastrum duplex Meyen
P. graciliimum (W. et G.S. West) Thunmark
P. Iimneticum Thunmark
P. tetras (Ehrenb.) Ralfs.
Peridinium bipes Stein
Phacus longicauda (E.) Duj.
P. curvicauda Swir.
P. tortus (Lemm.) Skv.
Scenedesmus abundans (Kirchn.) Chod.
S. armatus v. bicaudatus (Guglielmetti-Printz) Chod.
S. falcatus Chod.
S. naegelii Breb.
in oligotrophic lakes
(biomass 0.01—0.50 mg/1)
0
4
0
4
3
3
8
1
0
0
7
5
1
1
4
4
0
8
4
4
0
2
1
6
3
8
0
0
9
2
0
3
0
1
2
0
0
in eutrophic lakes
(biomass> 2.50 mg/l)
19
28
16
38
31
51
57
15
18
32
26
42
16
31
38
28
39
81
47
61
15
34
15
59
20
76
36
39
62
21
25
45
14
29
27
18
14
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Occurrence frequency (%)
Name of species in oligotrophic lakes in eutrophic lakes
(biomass 0.01—0.50 mg/1) (biomass> 2.50 mgfl)
S. opoliensis P. Richt. 0 18
Sphaerozosma granulatum Roy et Biss. 6 19
Staurastrum paradoxum v. parvum West 2 41
Synedra berolinensis Lemm. 5 35
Tetraedron caudatum (Corda) Hansgirg. 1 26
T. Iimneticum Borge 3 32
T. planctonicum G.M. Smith 7 52
T. trigonum (Naeg.) Hansgirg. 7 54
Tetrastrum staurogeniaforme (Schroeder) Lemm. 1 20
Trachelomonas hispida (Perty) Stein em. Defi. 4 58
T. varians Defi. 2 25
T. volvocina E. 8 80
Of the eutrophic indicators of Järnefelt et al.
(1963), the following were found in the present
investigation to occur more commonly in oligo
trophic than in eutrophic waters:
Occurrence frequency (%)
Name of species in oligotrophic lakes in eutrophic lakes
(biomass 0.01—0.50 mg/l) (biomass> 2.50 mg/l)
Cosmarium punctulatum Brb. 7 4
Nephrocytium limneticum (G.M. Smith) Skuja 10 2
N. lunatum W. West 13 1
Of the oligotrophic indicators of Järnefelt
et al. (1963), the following were found also in
this investigation to occur frequently in oligo
trophic waters:
Occurrence frequency (%)
Name of species in oligotrophic lakes in eutrophic lakes
(biomass 0.01—0.50 mg/I) (biomass> 2.50 mgIl)
Arthrodesmus incus (Brb.) Hass. 27 4
Dinobryon cylindricum Imh. 21 2
Mallomonas Allorgei (Dofi.) Conr. 18 1
Most of the oligotrophic indicators were,
however, also found quite frequently in eutrophic
waters.
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In this research the following algae were observed
only in sampies in which the total phytoplankton
biomass exceeded 1.0 mg/1:
Closteriopsis longissima Lemm.
Pediastrum biradiatum Meyen
Polyedriopsis spinulosa
Schmidle
Scenedesmus ovalternus v.
graewenitzii (Bernard) Chod.
Selenastrum gracile Reinsch 18
Strombomonas verrucosa
(Daday) Defi.
Trachelomonas planctonica Swir.
These species may therefore be considered as
eutrophic indicators. The following species were
found to occur 2—4 times more frequently in
eutrophic than in oligotrophic sampies, and
may therefore also be considered as indicating
eutrophication:
Ankistrodesmus falcatus v. spirilliformis West
Characiopsis longipes (Rab.) Borzi
Chrysococcus minutus (Fritsch) Nyg.
Closterium aciculare T. West
C. macilentum Brb.
C. pronum Brb.
Diatoma elongatum (Lyngb.) Ag.
Franceia ovalis (Franc) Lemm.
Lyngbya limnetica Lemm.
Nitzschia acicularis W. Sm.
Pediastrum tetras v. tetraodon (Corda) Raben
horst
Peridinium penardiforme Lindem.
Trachelomonas intermedia Dang.
T. volvocinopsis Swir.
Reliable indicators of oligotrophy were
distinctly fewer in number. The following
species were not observed at ali in eutrophic
lakes (biomass> 2.50 mg/1):
Diatoma vuigare Bory
Quadrigula lacustris (Chod.)
G.M. Smith
Stichogloea Doederleinii
(Schmidle) WilIe
Occurrence fre
quency (%) in oligo
trophic lakes (biomass)
0.01—0. 50 mg/1)
The following species may also be considered
as indicators of oligotrophy, occurring consider
ably more frequently in oligotrophic than in
eutrophic waters:
Cosmarium contractum Kirchn.
Crucigenia rectangularis (A. Braun) Gay
Dinobryon acuminatum Ruttn.
D. sertidaria E.
Euastrum bidentatum Näg.
E. elegans (Brb.) Kiitz.
Mallomonas akrokomos Ruttn.
By excluding those species presented in the
lists by Järnefelt et al. (1963) that in this in
vestigation were found to he unsatisfactory
indicators and by adding these new trophic
indicators to the list, new ElO and EVIOV
quotients could be calculated. However, the
applicability of these new parameters to the
monitoring of eutrophication should of course be
tested by using a different collection of sampies.
Proposais for new oligotrophic and eutrophic
indicator species are presented in Appendix 3.
6. SUMMARY
In this research phytoplankton sampies taken
from Finnish inland waters in midsummer
1963 and 1965 were investigated. The material
consisted of 826 sampies, which were examined
5.532 New indicator species
Name of species
Occurrence
frequency (%)
in eutrophic lakes
(biomass> 2.50 mg/1)
19
7
9
7
16
19
21
18
25
42
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in the Water Pollution Control Bureau of the
National Board of Agriculture (asfroni 1.7.1970
in the Water Research Office of the National
Board of Waters).
The aims of the investigation were to give an
account of the quantity and composition of
phytoplankton in midsummer in different water
courses, to estimate the significance of the para
meters based on phytoplankton composition,
and to determine the value of different phyto
plankton species as trophic indicators in Finnish
waters.
The most eutrophic waters were found te
be small lakes situated in coastal regions. Of the
waters of the inland lake district the most
eutrophic were found to be the southern source
waters of the Kokemäenjoki river basin and also
the lower reaches of the same river basin. Of the
lakes in the Vuoksi river basin, those in the
Iisalmi-Kuopio chain were found to be most
eutrophic.
Total phytopiankton in the sampies varied in
1963 between 0.01 and 45.0 mg/l and in 1965
between 0.02 and 18.6 mg/l. On the basis of
the regional examination and also other available
information concerning the lakes examined, the
lakes were divided into eutrophication groups
on the basis of their midsummer phytoplankton
as fellows:
Phytoplankton biomass
(mg/1, fresh weight)
< 0.20
0.21—0.50
0.51 — 1.00
1.01—2.50
2.51—10.0
>10.0
On the basis of this division 64.7% of the lakes
investigated were found te be oligotrophic and
a further 15.6 % were in a state of incipient
eutrophy. Mesotrophic were 10.8 % of the lakes,
while 8.9 % were clearly eutrophic.
The dominating algal species in ali the eutro
phication groups were Centrales diatoms of the
division Chrysopbyta. The amounts of Hormo
gonales biue-green algae increased considerably
with the increasing degree of eutrophication. Of
the green aigae, species within the order Proto
coccales were found te increase with eutrephica
tien. The amounts of Euglenophyta aigae were
iow in oiigotrophic waters, and even a small
increase in the amount of these organisms mdi
cated eutrophication or pellution of the water.
A total of 680 taxons were identified from
the sampies. The number of different organisms
in a single sampie varied from 3 te 10. The
number of species per sample increased with
eutrophication at ieast te a biemass level of
5.0 mg/i. In sampies with biomass leveis of over
10 mg/l the species number was, however, found
te decrease with further inerease in biomass.
Of the different available expressions ef
diversity, the index of Margaief (1958) was
found te correlate very strongly with the species
number of a sainpie. The diversity according te
Shannon (Hutchinson 1967) was not correlated
with either species number or biomass. On the
basis of results obtained in this work, values for
diversity do not add the information available
from water sampies.
As weil as the ElO- and EV/OV quotients of
Järnefelt et al. (1963), the species quotients of
Thunmark (1945) and Nygaard (1949) were
aiso examined for the research material. The
two latter quetients were found te be totaily
unsuitable for application te Finnish waters.
Of the quetients due to Järnefelt et al. (1963)
the deviatien ef the volume quotient was found
te be high, which limited its applicability.
The amount ef algae inducing odour and/or
taste was described for each sample using a new
variable, the odour index. The amounts of the
algae in question were compared te critical
threshold values ebtained from the literature
(Seppevaara 1971). The sum of the partial
amounts ef ali the relevant species was the edeur
mdcx ef a sample. The value ef this variable
increased neticeably with increasing eutrephica
tien. In eligetrephic waters the edeur mdcx was
usuaily weii belew 0.2, while in eutrephic
sampies the value was ever 1.0. The odeur index
was strengly cerreiated with the level ef biemass
and weaker correiations were alse found with the
quotients ef Järnefelt et ai. (1963).
Mest ef the 680 taxens ebserved in the ceurce
ef this investigatien occurred in enly a few
sampies. Only 35 taxens were feund te occur
in ever 50 % of the sampies, while the 50 mest
Classification
uitra-eiigetrephic
eligetrephic
incipient eutrophy
mesetrephic
eutrephic
hypereutrophic
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common taxons occurred for 86.5 % of the total
biomass of the whole research material.
The applicability of the indicator species
proposed by Järnefelt et al. (1963) to the eutro
phication grouping employed in this research was
investigated. On the basis of the observations
made, 21 new eutrophication indicators and 10
indicators of oligotrophy were proposed.
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LOPPUTIIVISTELMÄ
Tässä tutkimuksessa on käsitelty vuosina 1963
ja 1965 keskikesällä Suomen sisävesistä otettuja
kasviplanktonnäytteitä, joita oli yhteensä 826.
Näytteet on tutkittu Maataloushallituksen ve
siensuojelulaboratoriossa (1.7.1970 alkaen vesi
hallituksen vesitutkimustoimistossa).
Tutkimuksen tarkoituksena oli kuvata kasvi
planktonin kvantiteettia ja koostumusta keski-
kesällä eri vesistöalueittain, arvioida kasviplank
tonin koostumukseen perustuvien tunnuslukuj en
merkitystä ja tarkastella eri kasviplanktonlajien
indikaattoriarvoa vesistöjen tilan kuvaajana.
Rehevimmiksi osoittautuivat rannikkoaluei
den suhteellisen pienet järvet. Järviseudun ve
sistöistä Kokemäenjoen vesistön eteläiset latva
vesistöt ja saman vesistön alaosat olivat rehevim
mät. Vuoksen vesistön alueella Iisalmen-Kuopion
reitti osoittautui rehevimmäksi.
Kasviplanktonin kokonaismäärät vaihtelivat
vuonna 1963 välillä 0,01—45,0 mgIl, ja vuonna
1965 välillä 0,02—18,6 mg/l. Alueellisen tarkas
telun ja tutkimista järvistä olevan muun tietou
den perusteella suoritettiin järvien rehevyysluo
kittelu niiden keskikesän kasviplanktonin mu
kaan seuraavasti:
Kasviplanktonin biomassa Luokittelu
(tuorepaino) mg/l
<0,20
0,21—0,50
0,51—1,00
1,01—2,50
2,51—10,0
>10,0
Tutkimukseen kuuluneista järvistä oli oligotro
fisia tämän luokittelun mukaan 64,7 %. Alkava
eutrofioituminen havaittiin 15,6 % ssa järvistä.
Mesotrofisia oli 10,8 % ja selvästi eutrofisia 8,9 %
järvistä.
Vallitsevina levinä olivat kaikissa rehevyys
ryhmissä Chrysophyta-pääluokan Centrales-piile
vät. Rehevyyden lisääntyessä Hormogonales-sini
levien määrä kasvoi tuntuvasti. Viherlevistä
Pro tococcales-lahkon levien määrä kasvoi rehe
vyyden myötä. Euglenophyta-levien määrä oligo
trofisissa vesissä oli alhainen. Pienikin määrän
ultraoligotrofinen
oligotrofinen
alkava rehevöityminen
mesotrofinen
eutrofinen
hypereutrofinen
Pertti Heinonen
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kasvu merkitsi rehevyyttä tai vesien likaantumista.
Näytteistä määritettiin yhteensä 680 taksonia.
Yhden näytteen taksonimäärä vaihteli 3—160.
Määrä kasvoi biomassan lisääntyessä ainakin ar
voon 5,0 mgIl saakka. Yli 10 mg/l biomassanäyt
teissä taksonimäärä kuitenkin jo laski biomassan
lisääntyessä.
Diversiteettiarvoista Margalef-diversiteetti (Mar
galef 1958) korreloi erittäin merkitsevästi näyt-
teen lajimäärän kanssa. Shannon-diversiteetti
(Hutchinson 1967) ei korreloinut lainkaan laji-
määrään eikä biomassan määrään. Diversiteetti
arvot eivät tämän tutkimuksen mukaan lisää ve
sistöä kuvaavaa informaatiota.
Kvotienttien arvoista on tutkittu ElO- ja
EV/OV-kvotienttien (Järnefelt et al. 1963) ohella
eräitä Thunmarkin (1945) ja Nygaardin (1949)
lajikvotientteja. Viimeksi mainitut eivät sovellu
Suomessa käytettäviksi. Järnefeltin kvotienteista
tilavuuskvotientin hajonta on suuri, mikä rajoit
taa sen käyttöä.
Hajua ja/tai makua aiheuttavien levien määrää
näytteessä on pyritty kuvaamaan uudella para
metrilla, hajuindeksillä. Kyseisten levien määriä
on verrattu kirjallisuudessa (Seppovaara 1971)
esitettyihin kriittisiin raja-arvoihin. Osamäänen
summa näytteessä on näytteen hajuindeksi. Re
hevöitymisen myötä hajuindeksi kasvoi selvästi.
Oligotrofisissa vesissä hajuindeksi oli yleensä
selvästi pienempi kuin 0,2 ja eutrofisissa suurem
pi kuin 1,0. Hajuindeksillä oli vahva korrelaatio
biomassan määrään ja kohtalainen korrelaatio
Järnefeltin kvotientteihin.
Suurin osa lajeista esiintyi vain harvoissa näyt
teissä. Hyvin yleisiä lajeja, jotka esiintyivät yli
50 %:ssa näytteistä, oli vain 35 yhteensä 680
lajista. Vastaavasti 50 määrällisesti yleisintä lajia
muodosti 86,5 % kokonaisbiomassasta.
Tutkimuksessa tarkasteltiin Järnefeltin esittä
mien indikaattorilajien soveltuvuutta tämän ai
neiston rehevyysryhmittelyyn. Aineiston perus
teella esitettiin myös 21 uutta eutrofian ja 10
uutta oligotrofian indikaattorilajia.
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Appendix 2. Odiferous planktonic algae and their critical limits (Seppovaara 1971).
Plankton groups Critical Iimits
and species individuals/ coloniesl
lOOmi lOOmi
Cyanophyta
Anabaena (530 000) (20 000) 53 ooo2
Aphanizomenon (660 O00) 20 000
Comphosphaeria 17 000
Microcystis (3.500 O00) 17 ooo2
Oscillatoria (5.300 000) (300 000) 260 ooo2
Chlorophyta
Ankistrodesmus 400 000
Chlamydomonas 360 000
Closterium 20 000
Eudorina 8 000
Pandorina (20 000) 1 0002
Scenedesmus 150 000
Euglenophyta
Eugiena 80 000
Chrysophyta
Dinobryon 300 000
Mallomonas 45 000
Synura 20 ooo2 (1 ooo)
Asterionella 300 000
Cyclotella 220 000
Melosira 250 000
Synedra 300 000
Tabellaria 75 000
Pyrrophyta
Ceratium 20 000
Cryptomonas 120 000
1 These values presented by Seppovaara were not used
2 New values (due to different method of calculation that were used) used in this investigation
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Appendix 3. Indicator species.
A. Phytoplankton species indicating eutrophy
Actinastrum Hantzschii Lagerheim
Amphiprora paludosa W. Smith
Ankistrodesmus falcatus v. spirilliforinis West
Characiopsis longipes (Rab.) Borzi
Chroococcus dispersus (Keissi.) Lemm.
Chrysococcus minutus (Fritsch) Nyg.
Closteriopsis longissima Lemm.
Closterium aciculare T. West
C. gracile Brb.
C. macilentum Brb.
C. pronum Brb.
Coelastrum cambricum Archer.
Diatoma elongatum (Lyngb.) Ag.
Dichtyosphaerium ehrenbergianum Naeg.
D. elegans Bachman
Dimorphococcus lunatus A.Br.
Eugiena acus E.
E. cbarkowiensis Swir.
E. proxima Dang.
Franceia avaus (Franc) Lemm.
Glenodinizsm gymnodinium Penard
Kirchneriella elongata G.M. Smith
K. lunaris (Kirchn.) Moebius
K. obesa (W.West) Schmidle
Lagerheimia genevensis Chod.
Lepocinclis texta (Duj.) Lemm. cm. Conr.
Lyngbya limnetica Lemm.
Melosira granulata (E.) Ralfs.
M. varians C.A. Agardh
Micractinium pusillum Fresenius
Microcystis aeruginosa Kg.
M. flos-aquae (Wittr.) Kirchn.
M. viridis (A.Br.) Lemm.
Nitzschia acicularis W. Sm.
Oscilatoria limnetica Lemm.
Pandorima morum (MUller) Bory.
Pediastrum biradiatum Meyen
P. duplex Meyen
P. gracillium (W. et G.S. West) Thunmark
P. limneticum Thunmark
P. tetras (Ehrenb.) Ralfs.
P. tetras v. tetraodon (Corda) Rabenhorst
Peridinium bipes Stein
P. penardiforme Lindem.
P. curvicauda Swir.
Phacus longicauda (E.) Duj.
P. tortus (Lemm.) Skv.
Polyedriopsis spinulosa Schmidle
Scenedesmus abundans (Kirchn.) Chod
S. armatus v. bicaudatus (Guglielmetti-Printz) Chod
S. falcatus Chod.
S. naegelii Breb.
S. opoliensis P. Richt
S. ovalternus v. graewenitzii (Bernard) Chod.
Selenastrum gracile Reinsch
Sphaerozosma granulatum Roy et Biss.
Staurastrum paradoxum v. parvum West
Strombomonas verrucosa (Daday) Defi.
Synedra berolinensis Lemm.
Tetraedron caudatum (Corda) Hansgirg.
T. limneticum Borge
T. planctonicum G.M. Smith
T. trigonum (Naeg.) Hansgirg.
Tetrastrum staurogeniaforme (Schroeder) Lemm.
Trachelomonas hispida (Perty) Stein cm. Defi.
T. intermedia Dang.
T. planctonica Swir.
T. varians Defi.
T. volvocina E.
T. volvocinopsis Swir.
B. Phytoplankton species indicating oligotrophy
Arthrodesmus incus (Brb.) Hass.
Cosmarium contractum Kirchn.
Crucigenia rectangularis (A. Braun) Gay
Diatoma vuigare Bory
Dinobiyon acuminatum Ruttn.
D. sylindricum Imh.
D. sertularia E.
Euastrum bidentatum Näg.
E. elegans (Breb.) Kiitz
Mallomonas akrokomos Ruttn.
M. Allorgei (Dofi.) Conr.
Nephrocytium limneticum (G.M. Smith) Skuja
N. lunatum W. West
Quadrigula lacustris (Chod.) G.M. Smith
Stichogloea Doederleinii (Schmidle ) Wille
